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Two pulses of granitoid plutonism have been recorded in the 
Bay D'Espoir area: (l) The Northern Granitoids were intruded 
discordantly into medium to low grade sedimentary and volcanic rocks 
of the Bay D'Espoir Group, at ca. 430 Ma. (2) The Southern Granitoids 
were intruded concordantly into gneisses and migmatites of the Little 
Passage Gneisses at ca. 350 Ma. Although the granitoids occupy a cross 
section through the Gander Zone, they do not show affy systematic petrographic, 
geochemical, or isotopic variation from north to south. 
The "Straddling Granite", formerly considered to lie astride 
the Gander-Avalon Zone boundary, consists of at least two separate 
plutons on either side of the boundary. Although no economic mineral 
deposits have yet been discovered, leucogranites with ore-bearing 
potential occur in sufficient quantity to warrant further investigation. 
Structural, stratigraphic, geochemical and isotopic evidence suggest 
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1.1 Location and Access 
CHAPTER l 
GENERAL INTRODliCTION 
The study area comprises a cross section of the Gander Zone 
(Williams, 1979) from Bay D'Espoir to Mount Cormack (see Map 1). It 
can be reached by the Bay D'Espoir highway (Routes 360, 361) which is 
paved most of the way. A few secondary roads and a power transmission 
line provide access to the interior. Coastal exposures can be reached 
by boat along Hermitage Bay, Little Passage, and Bay D'Espoir. Round 
Pond and Long Pond are excellent inland waterways. Because of the 
extremely rugged topography, some points are best reached by air. 
1.2 Previous Work 
Alexander Murray (1881) did the first reconnaissance study in 
the area, recognizing the sedimentary rocks along Bay D'Espoir, the 
gneisses in Little Passage, and the coarse granitoid rocks at Gaultois. 
He suggested that the Bay D'Espoir sediments lay uncomformably upon the 
gneisses . 
The first detailed study was done by Jewell (1939). He named 
the sedimentary rocks the Bay D'Espoir series and argued for a gradational 
relation between the sediments and the gneisses. He named and described 
the North Bay granite which he correlated with those cropping out in 
the Garrison Hills. Jewell noted the abundant gneissic and sedimentary 
xenoliths in the granites and proposed intrusion by stoping and assimila-
2 
tion. He suggested a Devonian Age for the granites. Widmer (1950) 
suggested a Precambrian age for the Bay D'Espoir series, and like Jewell, 
thought the sediments grade into the gneisses. He suggested that the 
Hermitage Bay Fault was a steep reverse fault. 
Anderson (1965) and Anderson and Williams (1970) mapped the 
area on a scale of 1:250,000. They outlined most of the granitoid 
intrusions in the area and noted the large number of flanking mafic-
ultramafic bodies. They suggested that at least some of the mafic-ultra-
mafic bodies were post-Ordovician intrusions. 
Williams (1971) noted close similarities am6ng gneissic rocks 
in the Wesleyville area, the Garrison Hills and Grey River Area on the 
south coast of Newfoundland. This belt of rocks forms the Hermitage 
Flexure~ The pecu l ia r sinusoidal nature of the belt was attributed to 
folding and sinistral movement along the Cabot Fault (Williams et al, 
1970). This interpretation was later disputed by Brown and Colman-Sadd 
(1976), who proposed that the curvature was an original feature related 
to the closing of Iapetus to which these rocks were thought to be 
marginal. 
Colman-Sadd (1974, 1975, 1976, 1977, 1978, 1979, 1980) has done 
extensive mapping in the Bay D'Espoir area on a scale of 1:50,000. Unlike 
Murray and Jewell, he proposed a thrust fault for the contact between 
the Bay D'Espoir sediments (Bay D'Espoir Group) and the gneisses (Little 
Passage Gneisses). He divided the Bay D'Espoir group into several 
formations, separated the granitoid plutons around Garrison Hills into 
a number of distinct plutons, and provided general descriptions for all 
the granitoid plutons considered in the present study. He was also 
3 
actively involved in the planning and execution of the present project. 
1.3. General Geotectonic Setting 
Williams (1964) divided the Newfoundland Appalachians into 
three zones: 1. Western Platform,2. Central Paleozoic Mobile Belt, 
3. Avalon Platform. Thi s division emphasized the supposed symmetry 
of the orogen,with rocks representing from either side,a transition 
from stable platform through continental margin to the Proto-Atlantic 
ocean (Iapetus). He noted that granitoid intrusions in Newfoundland were 
mostly concentrated in the Central Mobile Belt (Fig.1~1) and suggested 
a Devonian age for most of them (Williams,1969). As Fig 1.1 illustrates, 
the study area is located at the southeastern edge of the Central Mobile 
Belt,marginal to Iapetus. 
With further development in Plate-Tectonic Theory,Williams and 
others (1974) refined the earlier tripartite division of the Newfoundland 
Appalachians to yield eight tectonostratigraphic zones (Fig.1.2). Thus 
the Central Mobile Belt is divided into five zones,of which the Gander and 
Botwood Zones are partly covered by the present study area. The Gander 
Zone comprises ''Hermitage Flexure" gneisses and adjacent sediments. The 
Botwood Zone consists mainly of Ordovician pelitic sediments,overlain in 
places by Silurian rocks of non-marine origin. Together they appear to 
reoresent the eastern continental margin of Iapetus,in a model which 
reaffirms the symmetry of the orogen. 
Strong and others (1974),and Stevens and others (1974),disputing 
the supposed symmetry of the Appalachian orogen,proposed closure of 
Iapetus by means of an eastward dipping subduction zone (Fig.1.4). 
4 
Scale of Mtles 
0 60 
L__. ____ _J DEVONIAN 
D . . Intru s ive rocks (mainly granittc) 
Rcg10nal metamorphic 
roc ks 
Fi 9'. 1. 1 Tri partite s ubdi vision of the Ne\vfoundl and Appa 1 a chi ans ~ (t~ ill i ams ~ 1964) . 
Note concentration of granitoid plutons in the Central Mobile Belt . 
The study area outlined is a section across the southeastern margin 






.. Buchan~~ . . / 
.. ····· ~ ...... ·· ······ F 
... 
... 
······· ···· · 
A to H T•ctonoet rat •Qravhtc zon e a 
(ollor W illo o m a ol ai . , U 72) 
59•w 





( ... .. ·.·:: 
N 




1. 2.Tectonostratigraphic sub-divisions of the Newfoundland Appalachians. (after Williams et al . 1972) 










Fig·1.3. Most recent tectonostratigraphic subdivision of the Newfoundland 
Arrpalachians.(\·lilliams , l979). The study area lies entirely within 
the Gander Zone. 
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According to the model of Stevens and others, the Gander Zone sediments 
were deposited in a marginal ( back-arc) basin and intruded by ultra-
mafic diapirs. Although precise timing of ultramafic intrusion was not 
given, Strong and others (1974) suggested that the subduction zone may 
have been active long after its supposed initiation in the Ordovician 
Taconic Orogeny, since some of these diapirs were thought to · intrude 
Silurian sediments and many of them are spatially associated with grani-
toid plutons (of probable Devonian age), it seemed likely that the life 
of the subduction zone extended into the Acadian. 
Kennedy (1975, 1976), inspired by the concept of symmetry, 
proposed a rather sophisticated model for development of the orogen which 
included the following: (l) A Hadrynian orogenic episode (Ganderian 
Orogeny) during which some of the granites were produced by partial 
melting of the gneisses, and a small ocean basin was closed; (2) Taconic 
orogeny during which two oppositely dipping subduction zones produced 
island arc volcanism in the Central Mobile Belt; (3) Collision of the two 
subduction zones and the formation of transform faults were cons i dered t o 
be the final events in the destruction of Iapetus during the Devonian 
Acadian Orogeriy . 
Pickerill and others (1978), and Currie and others (1979), 
working in the Carmanville area (northern Gander zone), disagreed sharply 
with earlier models. They found no evidence for any pre-Ordovician 
Ganderian Orogeny, and doubted the existence of an easterly dipping 
subduction zone. Their model envisages plate collision by transform 
faults during the Taconic, with later deformation and Acadian plutonism 

















Fig. 1.4. Schematic cross-section of the Newfoundland Appalachians,showing 
emplacement of ultramafic bodies into a marginal (back-arc) basin. 
(Stevens et ~; 1974). 
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this model upholds the symmetry of the Appalachian orogen as proposed 
by Williams. 
In a recent contribution to the controversy, Colman-Sadd (1980) 
supported the idea of an easterly-dipping subduction zone, and an 
asymmetric orogen. Subduction was supposed to have commenced in the 
Taconic, with its effects lasting through the Acadian Orogeny,~rodu~ing 
deformation and granitoid plutonism. The theme of asymmetry was 
supported by other recent studies in the Gander Zone (Haworth and 
others 1978), Hanmer, (1981). 
1 .4 Objectives of the Present Study 
The immediate objectives of this study are: 
(l) To investigate petrographic and geochemical variation among the 
plutons across the Gander Zone (or the Gander-Botwood Zone boundary). 
(2) To establish which (if any) of the various models proposed for 
development of the Gander Zone is most compatible with plutonism 
in the area 
(3) To identify areas of potential economic mineralization. 
10 
CHAPTER 2 
FIELD RELATIONS OF INDIVIDUAL PLUTONS 
2.1 Introduction 
The plutons have been previously mapped by S.P. Colman-Sadd 
( 1976, 1977, 1978, 1979, 1980a), on a seale of l :50 000. Some of the 
descriptions given below are partly based on his work. 
The main features of the plutons are summarized in Table l and 
the following comments are generally applicable to ~pe study area. The 
plutons are all equigranular, except for the Gaultois megacrystic qranite, 
small parts of the North Bay granite, and the Rocky Bottom Tonalite 
(biotite phenocrysts). K-feldspar phenocrysts occur locally in the Piccaire, 
NorthvJest Cove, Northwest Brook and Doll and Bight plutons. They range in 
composition from granodiorite to adamellite, with minor amounts of tonalite 
diorite, granite (ss), and gabbro. A number of mafic to ultramafic bodies 
occur at the margins of the plutons, increasing in number and size north-
ward where erosion has removed much of the cover rocks. 
As shown in ~ap l, the qranitoids occur in two contrasting terranes: 
(1) Those intruding the Little Passage qneisses, and lying south of the 
Oay Cove Thrust (Map 1) and here referred to as the Southern Granitoids. 
The Little Passa0e qneisses, as stated above, are part of the high grade 
metamorphic terrane producing the Hermitage Flexure . Amphi bolitic, psammiti c 
and tonalitic gneis ses (Fi~ . 2.2) occur as prominent northeasterly-trending 
sheets. Although the gneisses bear evidence of a complex deformation 
history, they are overprinted by a dominant steep northeasterly-striking 
foliation. Metamorphic orade reaches upper amphibolite facies, 
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Piccairc Gra1itc . 
Gaultois Granite. 
Northwes t Co ve Granite. 
grilnitc . 
Straddl ing Granite. 
Northwes t Brook Granic . 
Dolland Bigh t Qranitc. 
Nor t h Bay Granite. 
Missing Isl and Granodiorite . 
Long Pond diorite. 
Rocky Bo ttom Ton<Ji ite. 




Round Pond G abb ron orite-
granodiorite. 
Partrict ~w berry Hills Granite 
oncl granodiori t e . 
Through Hill gr<Jnite . 
Fig. 2.l .Sketch map of study area showing location of plutons . Plutons 1-6 are 
the Southern Granitoids;Plutons 7-14 are the Northern Granitoids.Note 
that plutons 7,8,9 and 12 have been combined as pluton no.15--see text. 
Table 2.1. 
FIELD RELATIONS AND l1EGASCOPIC FEATURES OF GRANITOID PLUTONS OF THE BAY D'ESPOIR AREA 
2 (Km ) Rock Type(s) 
No. Pluton Name Size MAIN, Minor Contact Relations Xenoliths Fabric Petrogra~h~ Other Features 
Piccaire 2* BIOTITE ADAMELLITE Intrudes Gaultois mafic gneiss Mild lineation Patch perthite Very little alteration 
granodiorite defined by equigranular barren (no economic 
quartz minerals observed) 
2 Gaul tois 160* MEGACRYSTIC Intrudes LPG biotite- Intense folia- Microcline Barren; cut by numerous 
BIOTITE ADAMELLITE Intruded by PIC, amphibole tion. Biotite megacrysts barren pegmatites, 
hornblende diorite DB etc. feldspar quartz, augen sphene, horn- aplites. 
clots microcline blende common. 
gneiss megacrysts 
__, 
3 N.W. Cove 16 MUSCOVITE (BIOTITE) Intrudes Gaultois gneiss Intense folia- Equigranular; v. similar to N.W. BK. N ADAMELLITE granite Intrudes LPG GG tion. Align- garnet, tour-
ment of mica rna 1 i ne 1 oca 11 y . 
flattened mu/bi variable. 
quartz, 
feldspar. 
4 Straddling 5* BIOTITE (MUSCOVITE) Intrudes none Intense mylon- Equigranular v. similar to Piccaire 
(I nd i an Po i n t ) ADAMELLITE N.W. Brook itic foliation secondary musco- bar~en 
granodiorite adjacent to H.B. vite extensive 
Fault. alteration. 
5 N.V/. Brook 90* MUSCOVITE (BIOTITE) Intrudes GG gneiss Intense folia- Equigranular; F, Be mineralization 
ADAMELLITE ... tion. Al ign- garnet, tourma-
granodiorite granite Intrudes LPG GG .. ment of mica line, beryl 
flattened quartz, locally mu/bi 
feldspar. variable. 
6 Dolland Bight 18 GARNET -MUSCOVITE Intrudes GG gneiss - do - Equigranular, No economic mineraliza-
ADAMELLITE Intrudes LPG - garnet, ubiquit - tion observed. 
granodiorite, as concordant ous, locally 
,granite sheets. pegma t i tic , 
biotite locally. 
7 N. Bay 115* BIOTITE (MUSCOVITE) Intrudes BDG biotite Mild foliation. Equiyranular, Mo mineralization 
ADAMELLITE feldspar Locally mylon- patch perthite; Part of complex 
diorite, granodiorite clots itic. Locally local garnet; batholith. 
granite Pelitic massive. locally mu/bi 
sediments variable 
8 M. Is 1 and 25 BIOTITE GRANODIORITE Intrudes BDG biotite- none Equi granular; Probable marginal 
feldspar uniform phase of North Bay . 
clots 
Table 2.1 (continued). 
9 Long Pond PYROXENE AMPHIBOLE Unknown none none Equigranular Cut by barren pegmatite 




acti no 1 ite. 
10 Rocky Bottom 2 BIOTITE TONALITE Intrudes BOG biotite none Poi kil i tic Barren 
granodiorite feldspar biotite 
clots phenocrysts 
11 Matthews Pond 55 BIOTITE Intrudes BOG biotite none Equigranular Uniform, barren. 
GRANODIORITE fe 1 dspa r oscillatory 
--' 
clots zoning in w 
plagioclase. 
12 Round Pond 15 OLIVINE NORITE Intrudes BOG none Mild foliation Equigranular 
HORNBLENDE local olivine rimmed 
DIORITE by opx th nori te 
13 Partridgeberry Hills 250 BIOTITE ADAMELLITE Intrudes BOG biotite Massive; Locally Pb, Zn, Cu, Ag, Au 
GRANODIORITE feldspar foliation perthitic Mineralization bordered 
clots locally, highly by mafic and ultramafic 
pelitic defined by a 1 tered bodies. 
sediments biotite, flat-
tened quartz. 
14 Through Hill 13 GARNET-MUSCOVITE Intrudes semi- .... none Garnet ubiquit- Cut by diabase dike .. 
ADAMELLITE "Botwood pel ites ous locally No economic mineraliza-
equivalent" pegmatitic tion observed. 
semipelites 
*These plutons extend beyond the study area. Estimates refer to study area only. 
Abbreviations: PIC = Piccaire; GG = Ga ultois, DB = Dolland Bight; LPG= Little Passage Gneiss; BOG= Bay D1 Espoir Group 
Gne is ses include psammitic, tonalitic and amphibolitic varieties similar to the Little Passage gneisses. 
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Fi g . 2.2 Pe9matite injected into Little Passaqe gneiss;Little Passage. 
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with growth of hornblende,sillimanite,and pods of granitic partial melts 
locally. (2) Granitoids intrudin9 the low to medium grade rocks north 
of the Day Cove Thrust are here referred to as the Northern Granitoids. 
The country rocks are dominantly semipelitic and volcanogenic sediments, 
with minor volcanics metamorphosed to greenschist and lower amphibolite 
facies and hiqher metamorphic grades in the aureoles of the granitoids. 
Althou gh zones of intense deformation occur locally,beddin9 and other 
primary structures are preserved in most places. Ordovician fossils, 
Brachiopods,Bryozoa and Pelmatozoa ) have been found in some units 
Colman-Sadd,1976 ). 
2.2 The Southern Granitoids 
2. 2.0 General Statement 
The Southern Gran i to ids co~~rise six ~ l utons: (1) Piccaire,(2)Gaultois, 
(3) Northwest Cove, (4) Straddling, (5) Northwest Brook, (6) Dolland Bight. 
They are mainly of adamellite composition,intruding the Little Passage 
Gneisses. The plutons are all very well exposed,forming spectacular cliffs 
along Hermitage Bay and the Little Passage. 
The plutons are all elongate bodies with an average length to width 
ratio of 5:1. The long axis of each pluton is parallel to the prominent 
northeasterly-striking foliation in the gneisses. A moderate to intense 
steep foliation follows the same trend in four of them (98% of aerial exposure). 
This northeasterly-trending structural pattern is clearly visible from the 
air,es pecially over the Garrison Hills. Even the two relatively undeformed 
plutons (Piccaire,Straddling) are elongated parallel to the main foliation. 
Tonalitic ,amphibolitic and psammitic gneisses in long narrow sheets (over 7 km) 
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occur as xenoliths within the oranitoids (Colman-Sadd,1976). In places 
the Northwest Brook Granite can be seen to have intruded the Gaultois 
9ranite parallel to the foliation in both of them ( Fiq.2.3 ). Although 
some late pe9matite dikes are seen to cut across the foliation,many of 
them are subparallel to the foliation and are presumed to have been 
injected parallel to it. 
Pitcher (1979) in a general review of granite plutonism,suggested 
that granite intrusion is triggered by crustal flaws. The spatial 
correlation of granitoid intrusions and crustal weakness has been 
discussed by Strong (1980) citing examples in Britta~y and Newfoundland. 
The above descriptions strongly suggest that intrusion of the Southern 
Granitoids was not only permitted by zones of crustal weakness,but was 
also controlled by those zones. It seems likely that the present 
9eometry was produced largely by deformation during intrusion of the 
Southern Granitoids; i.e. they are syntectonic. As r1ap 1 shows,the Southern 
Granitoids are flanked by two major faults; the Day Cove Thrust and the 
Hermitage Bay Fault. They are both northeasterly-trending structures and 
are thought to have been active during the Acadian Orogeny (Colman-Sadd,1980; 
Blackwood and O'Driscoll ,1976). The Gaultois granite has yielded a Rb/Sr 
age of 350 ~ 18 million years,coinciding with the Acadian Orogeny. Therefore 
it seems likely that movement along these two faults exercised structural 
control on the emplacement of the Southern Granitoids. Structural features 
are further discussed in Chapter 5. 
2.2.1 Piccaire Granite 
The Piccaire Granite is a small intrusion (2 km 2) extending west-
ward from Pi ccaire beyond the map area. Exposure is almost continuous. 
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Fig.2.3J~orthwest Brook leucogranite(left) cuts megacrystic Gaultois 
granite.Note chilled margin and parallel foliation in the two 
plutons;highway 360, Bay D'Espoir. 
Fig.2.4Abundant tourmaline in Northwest Brook leucogranite,indicating 
significant boron activity;highway 360, Bay D'Espoir. 
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Fig. 2.5. Pegmatite with tourmaline cutting marginal phase of Gaultois 
ranite,Highway 360 Bay o•Espoir. 
--~--~ 
~-lg. 2.6 Gaultois meqacrystic qranite cut by aplite. Gneissic xenolith is 
partly digested,and overgrown by K-feldspar meqacryst.Piccaire, 
Hermitaqe Bay. 
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Fig.2.7. Massive Piccaire granite (left),post-tectonically intrudes 
Gaultois megacrystic qranite,Piccaire Harbour. 
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The granite is medium to coarse grained, buff to pink and generally 
massive. A poorly developed linear fabric, defined by elongate quartz~ 
occurs locally . The Piccaire granite intrudes the Gaultois granite and 
associated pegmatites (Fig 2.7),and is itself intruded by later 
pegmatites and aplite dikes. Gneissic xenoliths occur sparsely within 
the granite . 
2.2 . 2 Gaultois Granite 
The Gaultois Megacrystic granite crops out over an area of 
about 160 km2 , extending northeastward from Long Isl~nd through the 
Garrison Hills towards the eastern edge of the St. Alban's (IM13) map 
area . Exposure is almost continuous, with vegetation restricted to 
low shrubbery . Outcrops commonly form spectacular cliffs, best exposed 
along Hermitage Bay and Little Passage. The rock consists of a coarse 
grey to pink porphyritic granite (sl) with conspicuous pink phenocrysts 
of potash feldspar up to 5 em long. Locally, especially towards the 
nor theastern margin , K-feldspar phenocrysts are rare~ and the rock grades 
into a diorite. 
The Gaultois granite intrudes the Little Passage gneisses and 
contains abundant xenoliths of the gneisses in various stages of digestion 
and dismemberment (Fig2.6). A moderate to intense foliation, defined 
mainly by elongate quartz and biotite, follows the northeasterly-trending 
l ong axis of the pluton, parallel to the main foliation in the gneisses. 
Local mylonite zones are developed near the margins. The Gaultois granite 
is intruded by Piccaire~ Dolland Bight, Northwest Cove, Northwest Brook 
and presumably by the Straddling granite, making it the oldest of the 
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southern Garnitoids. The Gaultois granite is cut by numerous pink 
pegmatite and aplite dikes (Fiq 2.6), and by a few mafic dikes. A small 
ultramafic body, about 100 m2 of uncertai n or i ~i n ,o ccurs at t he contact 
with the Northwest Brook ·gran ite, jus t off the Harbour Breton Road (Route 360). 
2.2.3 Northwest Cove Granite 
The Northwest Cove Granite is a small (16 km 2) elongate pluton 
we l l-exposed inland from Northwest Cove in Hermitage Bay. It is a buff 
to pink,medium grained granite, intrusive into the Gaultois granite and 
Li ttle Passage gneisses, and containing xenoliths o~; both. The granite 
bears an intense foliation defined by muscovite, bi~tite and elongate 
quartz. Towards the Hermitage Bay Fau l~, a cataclastic fabric is super-
imposed on the main foliation, accompanied by a distinct pink alteration. 
2.2.4 Straddling Granite 
The Straddling Gr anite is a small (5 km2) well-exposed pluton at 
the head of Hermitage Bay. This p l u to~ was considered to extend into 
the Avalon Zone, and thus •straddle• the Avalon-Gander Zone boundary 
(Bl ackwood & o•oriscoll, 1976; o•oriscoll & Strong, 1979). Relations 
between the Straddling and its country rocks across the Avalon-Gander 
Zone boundary are discussed in Chapter 5. The rock is a buff to pink, 
medium grained granite. A strong mylonitic fabric is developed adjacent 
to the Hermitage Bay and Russel Head Faults, but the rock appears massive 
further northeast. In the fault zone the granite has been brecciated, 
and degraded to a crumblinq red rubble. The straddling granite is faulted 
aqainst the Gaultois granite at Russel Head, but intrudes the Northwest 
Brook Granite to the northeast. 
5 Northwest Brook Granite 2. 2 . . 
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This pluton forms a large (90 km2) wedge between the Hermitaqe Bay 
and Russel Head Faults,extending eastwards outside of the map area. Outcrop 
distribution is excellent. It is a grey to buff medium-qrained granite, 
wi t h a strong foliation defined by muscovite,biotite and quartz. The 
No r thwest Brook Granite intrudes the Little Passage gneisses and the 
Gaultois Granite,engulfinq xenoliths of both (Fig.2.3.). In the Hermitage 
Bay Fault Zone the granite is brecciated and altered to a crumbling red 
1 .. 
rubbl e. The Northwest Brook Granite very closely resembles the Northwest 
Cove Granite. 
2. 2.6 Dolland Bight Granite 
This lenticular pluton occupies an area of about 18 km2 just east 
of Do l land Bight,adjacent to the Day Cove Thrust. Exposure is good in the 
area. The granite crops out as sheet-like dikes several meters wide,into 
the Li ttle Passage Gneisses .. Intermingled sheets of qranite and gneiss 
make t he boundaries of the pluton difficult to define. Sparse sheets of 
th is granite are injected into the gneisses on the Garrison Hills,where dikes 
of the Dolland Bight intrude the Gaultois Granite. The rock is a white to 
buff ,medium grained,leucogranite with ubiquitous pink garnet. Locally the 
granite assumes a graphic texture and bears black tourmaline. Although this 
pl ut on is adjacent to the Day Cove Thrust,it appears not to have developed any 
mylon itic fabric as observed in the granites along Hermitage Bay. 
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2.2. 7 summary 
Field relations of the Southern Granitoids suggest the followin g order 
of intrusion: 
Lates t . . . . . . .. ... . .... Peqmatites 
Piccaire,Straddling 
Dolland Bight,Pegmatites,Aplites 
Northwest Brook,Northwest Cove 
Earliest .. . ... . ...... Gaultois 
The Gaultois Granite has been radiometrically d~~ed at 350 ~ 18 Ma, 
suqgesting that intrusion of the Southern Granitoids began during the late 
staqes of the Acadian orogeny. This is dis cussed further in Chapter 5. 
2.3 The Northern Granitoids 
2.3.0 General Statement 
The Northern Granitoids comprise eight granitoid bodies: (1) Nor t h 
Bay (2) Missing Island (3) Long Pond (4) Rocky Bottom (5) Matthews Pond 
(7) Partridgeberry Hills (8) Through Hill. They are dominantly oval plutons 
i ntruding the Bay o•Espoir Group and similar rocks. Unlike the Sou t hern _ 
Granitoids,they are sharply discordant and without a pervasive penetrative 
fabric. Few major faults appear to be spatially associated with the 
plutons . Regional metamorphic grade is in the greenschist to the lower 
amphibolite facies;hence many of the granitoids display well-developed 
contact aureoles (Map 1). The Missing Island Granodiorite and the Long 
Pond Diorite,together with the northern part of the North Bay Granite, 
have yielded a Rb/Sr isochron age of 430 ~ 4 million years. This suggests 
a coma gmatic relation between these three plutons. The Northern Granitoids 
are hi ghly variable in composition but are dominated by granodiorite. 
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Fig. 2.8 Megacrysts in flow alignment.Equigranular North Bay granite 
grades into porphyritic variety,Long Pond. 
Fig.2.9. North Bay pegmatite folded with 02 of Bay D'Espoir group; 
Lampidoes Passage. 
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Fig.2.10. Xenoliths of country rocks engulfed at the margin of North Bay 
Pluton;Lonq Pond. 
Fig. 2.11.Xenoliths of country rocks in various stages of digestion at 
the margin of North Bay pluton;Long Pond. 
3 1 North Bay Granite 2. . 
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Although the North Bay Granite occupies an area of about 115 km 2 
in the study area, it is only the eastern margin of the large Facheau Bay 
Batholith (over 4000 km 2) . Previous work on the Facheau Bay Batholith 
(Williams, 1970, 1971; Jewell 1939), and the present study indicate that it 
consists of several phases, i.e. it is a composite batholith. 
Exposure is fair, especially in the southern part of the pluton, 
where several imposing cliffs dominate the skyline along North Bay and 
Lampidoes Passage. It is a grey equigranular rock, adamellite to grano-
diorite, with minor amounts of hornblende diorite. 'tocally K-felspar 
phenocrys ts up to 4 em occur in flow alignment (Fig.2. $) . The rock has no 
penetrative fabric, except for local m~lonite zones . The Salmon River 
Dam Fault divides the North Bay Granite into two segments, which appear 
similar in the field, but which produce separate Rb/Sr isochrons. (Fig. 4.2) 
The North Bay granite intrudes the Bay D'Espoir Group (Salmon 
River Dam and Riches Island Formations) with sillimanite and staurolite in 
the aureole. Part of the contact is faulted (Colman-Sadd, 1976). Xenoliths 
of the country rock have been engulfed and digested, especially near 
the contact (Fig.2.iJ). The North Bay granite is cut by pegmatite and 
aplite dikes (Jewell 1939). Although none of these dikes have been seen 
by the present author, pegmatite dikes, presumably associated with the 
North Bay granite, have been seen to intrude metasediments near the contact 
with the granite. One such pegmatite (Fig.2.9) in Lampidoes Passage, 
bearing molybdenite, has been folded by what is interpreted as the second 
deformation of the Bay D'Espoir group (Colman-Sadd, personal communication) . 
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2.3.2 Missing Island Granodiorite 
D~spite occupying a map area of about 25 km2 ~ the Missing Island 
granodiorite is only poorly exposed, most of it presumably submerged 
beneath the waters of Long Pond. The rock is a massive, grey, medium 
grained granodiorite intruding the Bay D'Espoir Group (Salmon River Dam 
Formation). No penetrative fabric has been noted and few xenoliths have 
been found. The Missing Island granodiorite is very similar to the North 
Bay granite, with which it produces a single Rb/Sr isochron (Fig. 4·.2). 
The Missing Island granodiorite is presumed to be a marginal phase of 
Facheau Bay Batholith. 
2.3.3 Long Pond Diorite 
The Lon~ Pond Diorite is a small body cropping out on an island less 
tha n 500m2 in irea.It is a ma ssive grey medium grained rock, intruded by 
a pink pegmatite dike about ·l m wide. The Long Pond Diorite does not 
come into contact with any other rocks, but bears close resemblance to 
the hornblende diorites occurring near Salmon River Dam at the edge of 
the North Bay Granite. The Long Pond Diorite is considered to be a 
marginal phase of the North Bay Granite, with which it produces a single 
Rb/Sr i sochron (Fig. { 2). 
2.3.4 Rocky Bottom Tonalite 
This is a small (2 km 2) rather poorly exposed pluton, outcropping 
at Rocky Bottom in the northern tip of Long Pond. It is a massive grey, 
mediu m to coarse qrained rock with prominent phenocrysts of biotite up 
to l em. It bears a striking resemblance to the Rocky Bay pluton in 
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northeast Newfoundland (Strong and others, 1974). The Rocky Bottom 
Tonalite intrudes the Bay D'Espoir Group (North Steady Pond Formation) 
forming an aureole with prominent andalusite porphyroblasts. The rock is 
only slightly altered, and except for local flow alignment of biotite 
phenocrysts, bears no penetrative fabric. Few xenoliths have been 
observed. 
2.3.5 Matthews Pond Granodiorite 
This is a large (55 km 2) but poorly exposed pluton outcropping 
just east of Matthews Pond. It consists of a massi~, grey, medi um gra ined 
roc k which is slightly altered locally. The Matthews Pond granodiori t e 
intrudes the Bay D'Espoir Group (North Steady Pond Formation) formi ng an 
aureole bearing cordierite and andalusite (Colman -Sadd , 1980). Few 
xenoliths have been found in this granite, and it bears no penetrative 
fabr ic. 
2.3.6 Round Pond Norite-Dior i te 
Most of this pluton (15 km 2) is presumed to lie beneath the waters 
of Round Pond. The rock is grey to black, medium grained and altered 
locally. It intrudes the Bay D'Espoir Group (North Steady Pond Formation) 
but no aureole has been identified, probably because of poor outcrop 
dis tribution. A mild foliation defined mainly by biotite occurs locally. 
The norite is believed to be akin to the numerous mafic and ultramafic 
bodies which occur at the margins of granitoid plutons in the area. The 
di or ite is presumed to be a marginal phase of the North Bay granite. 
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7 Partridgeberry Hills Granite 2.3. -
This is the largest pluton in the study area (250 km2), but 
i s rather poorly exposed. It consists of essentially two phases: 
(l ) coarse to medium grained perthitic biotite adamellite, (2) medium 
to coarse grained biotite granodiorite-tonalite. Composition varies 
between the extremes of these two phases and since no internal contacts 
have been observed they are presumed to be gradational. The rock is 
pervasively altered and has a moderate foliation locally, especially 
towards the margins. The Partridgeberry Hills granite intrudes the 
Bay D'Espoir Group (North Steady Pond Formation), a~~ well as the 
Botwood Group Equivalent. Numerous xenoliths of country rock, 
es pecially near the southwestern contact, have been assimilated by the 
gran ite. Mafic and ultramafic rocks occur at the eastern and nor t heastern 
margin of the granite. They are thought to be fault-empl aced and 
intruded by the granite. The occurrence of vugs locally in the 
Partridgeberry Hills granite suggests a high level of intrusion. 
2.3.8 Through Hill Granite 
The Through Hill granite is a small pluton (13 km2) cropping 
out at the western edge of the Burnt Hill area, immediately south of 
Mou nt Cormack. It is a white to buff, medium to coarse, garnetiferous 
leucogranite. Locally the rock assumes a striking graphic texture, well 
dis played on Through Hill. Veins of blue potash feldspar can be seen 
traversing the granite in a few places, indicating a late stage 
K-feldspathization. The granite appears entirely undeformed. It contains 
abu ndant xenoliths of the surrounding semipelitic country rock in 
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various stages of assimilation. The Through Hill granite is cut by at 
leas t one diabase dike about 1 m wide trending east-west. Miarolitic 
cavities occur locally, indicating a high level of intrusion. Except for 
the absence of a fabric, and intrusion style, the Through Hil l granite 
is identical to the Dolland Bight Granite. 
2.3. 9 Summary 
As can be seen on Map 1, the Northern Granitoids do not have 
any exposed mutual contact. The order of intrusion is therefore 
rather less certain than for the Southern Granitoids ~ Based on 
radiometric dates (Chapter 4) and the extent of deformation, the following 
tentative order of intrusion is suggested: 
Youngest .. . . ...... Through Hill 
Rocky Bottom Matthews Pond 
North Bay (incl udin g Round Pond, Long Pond, 
~1issi ng Island) 
Earliest · . · · .... Partridgeberry Hills 





The descriptions qiven in this chapter are based on petrographic 
studies of about 400 thin sections .Petrographic nomenclature follows the 
scheme outlined in Fiq.3J ,modified after Streckeisen (1976). Averages of 
mineral composition are based on modal analyses after the method described 
Quartz 
by Chayes (1956). For details of 
modal analyses,see Appendix 1. 
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Plagioclase Alkali feldspar 
Fig. ~ . l . Classification scheme for granitoid rocks used in this chapter, 
modified after Streckeisen,(1976). 
1=quartzolite;2=quartz-rich granitoids;3=Alkali-feldspar granite, 
(M <10=alaskite);4=granite (ss);5=adamellite;6=granodiorite; 7=tonalite,(~1 < 10=trondhjemite);8=alkali feldspar quartz syenite· 
9=quartz syenite;10=quartz monzonite;ll=quartz monzodiorite/quartz 





The Piccaire pluton consists mainly of medium-coarse grained 
bi otite adamellite. Although the exposed area is only about 2 km2, alkali 
fe l dspar varies sufficiently to produce small domains of granodiorite, 
and even tonalite. The average modal composition is (%): Quartz 26.5, 
K-feldspar 24.2, plagioclase 39.4, biotite 8.6, muscovite 1.1, opaques 0.2 
Accessory minerals are epidote, apatite, magnetite and rare sphene. 
Alkali feldspar forms patch perthite locally and encloses both 
plagioclase and quartz. Plagioclase is extensively saussuritized, and 
di splays oscillatory zoning. giotite is s t rong lyaltered to chlorite, 
mus covite, and epidote. Quartz shows undulose ext i nction and extensive 
subgrain formation, producing a lineation locally. ~1yrmekite is developed 
1 oca ll y. 
3 .3 Gaultois 
The main petrographic facies of the Gaultois pluton is a K-feldspar 
megacrystic biotite adamellite-granodiorite. Towards the margin of the 
pl uton, especially in the northeast, biotite, hornblende and plagioclase 
have crystallized with only small amounts of quartz and K-feldspar. Naney 
(1978) has shown that undercooling of silicate liquids of granitic composition 
causes crystallization of ferromagnesian minerals ~plagioclase, to the 
exclusion of quartz and alkali feldspar. This is attributed to slow 
nucleation of quartz and alkali feldspar. Mafic border phases ob served in 
the aultois pluton could be due to this mechanism, without requiring 
gravitational settl i ng or diffe r ential flo~. Pegmatite intrusions (Fig 2.5) 
Probably represent the felsic residue. 
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Away from the margin alkali feldspar and quartz increase in abundance 
so that the rock varies from diorite through granodiorite to adamellite. 
The oluton is cut by garnetiferous pegmatites and aplites. Average modal 
composition (estimated) is (%): Quartz 25,microline 28,rlagioclase 35,and 
biotite 10. Accessory minerals are epidote (1 %), apatite,zircon,magnetite, 
pyrite,and coarse euhedral sphene(1 %)- see Fig.3.2. 
Euhedral microcline megacrysts up to 5 em long commonly form patch 
perthite and enclose quartz,biotite,and euhedral plagioclase (Fig.3.3). 
Al though the inclusions do not appear to be oriented,their euhedral nature, 
i n contrast to later anhedral quartz,biotite, plagioclase and K-feldspar, 
suggests that the microcline megacrysts are early phenocrysts,i.e. of magmatic 
or i gi n. Plagioclase shows simple normal zoning,and is commonly saussuritized. 
Biot ite is commonly altered to chlorite,and rarely,muscovite. In the 
vi ci nity of Hermitage Bay Fault,the granite is coated by brown hematitic 
stai ning. 
The Gaultois Granite bears a strong foliation,which increases in 
intensity towards the margins. The foliation is defined by biotite,and 
elongate polycrystalline aggregates of quartz,forming augen of the megacrysts. 
Locally the fabric is mylonitic with fractured feldspars in a matrix of 
di smembered biotite and quartz ribbons. This is especially evident towards 
the Hermitage Bay and Russel Head Faults. 
The wide range of rock types and occurrence of hornblende,sphene and 
magnetite make the Gaultois pluton conform to the 'I'- type of Chappel and 
Wh ite (1974),and the 'M' series of Ishihara (1977),although the presence of 
me tasedimentary xenoliths creates some ambiguity. This is further discussed 
in Chapter 6. 
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Fig.3.2. Euhedral sphene with quartz (q),plagioclase (p),and biotite 
in Gaultois granite (x 10 ). 
Fig. 3.3 Euhedral plagioclase enclosed by microcline megacryst,Gaultois 
granite (x 20,x nicols). 
4 Northwest Cove 3. 
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The Northwest Cove pluton consists of a fairly homogeneous 
adamellite. Muscovite is the main mica, with biotite less than 2% if 
not absent. Garnet and black tourmaline occur locally. 
The average modal composition is (%): Ouartz 27.9, K-feldspar 25.8, 
plaqioclase 34.6, biotite 3.6, muscovite 7.8. Acc~ssory minerals are 
apatite, zircon, epidote and rare opaque oxides. 
Alkali feldspar forms patch perthite locally and commonly encloses 
quartz and euhedral plagioclase. Plagioclase is commonly saussuritized, 
and mostly normally zoned. Biotite is partly chlori~ized. 
A very strong pervasive foliation is defined by mu scovite , biotite, 
and elongate quartz. The fabric is mylonitic locally with fractured 
alkal i feldspar and plagioclase in a matrix of quartz ribbons and strongly 
sheared mica. 
3.5 Straddling (Indian Point) 
The Straddling Granite (Gander Zone) consists predominantly of 
medium grained adamellite. Although it grades locally into a granodiorite-
tonal ite, this phase does not exceed 15% of the total outcrop area. 
The average modal composition is (%): Quartz 26.8, K~feldspar 22.1, 
Plagioclase 41 .7, biotite 6.7, muscovite (secondary) 2.0, opaques 0.5. 
Accessory minerals are zircon, epidote, apatite, opaque oxides, and rare 
sphene. 
Alkali feldspar is not visibly perthiti~ but hypidiomorphic 
microcline commonly encloses biotite, quartz and euhedral plagioclase. 
Pl agioclase is extensively corroded and saussuritized. Biotite is bleached 
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and altered to muscovite, chlorite, and opaque oxides. A strong 
mylonitic fabric can be seen in most samples, where potash feldspar and 
plagioclase are crushed, and set in a matrix of quartz ribbons and sheared 
bi otite. Secondary muscovite appears to overgrow the fabric, and many 
fractures have been 1nvaded by veins of carbonate and epidote. Locally 
t he rock appears to have no fabric, and seems to have recrystallized. 
The mylonitic fabric is attributed to the Hermitage Bay and Russel Head 
Faul ts. The relation of this pluton to the •straddling Grani t e• southeast 
of the Hermitage Bay Fault (Avalon Zone) is discussed in Chapter 5. 
3.6 Northwest Brook 
The Northwest Brook pluton is a rather homogeneous adamellite. 
Mus covite is the dominant mica, and biotite, which rare l y exceeds 3% is 
abs ent locally. Garnet and black tourmaline occur sparsely. 
The average modal composition is (%): Quartz 29 . 6, K-feldspar 27.2 , 
plagioclase 33. 4, biotite 2. 8 , muscovite 7 . 0 . .1\ccessory minerals are 
apat ite, zircon, epidote and rare opaque oxides. 
Alkali feldspa~ which is mostly interstitial,iocal ly fo r ms patc h 
perthite It also encloses biotite, quartz, and euhedral plagioclase. 
Pl agioclase is commonly saussuritized and displays mainly normal zoning. 
Biotite is partly chloritized. 
A very strong planar fabric pervades the Northwest Brook granite. 
It i s defined by muscovite, biotite, and elongate polycrystalline aggregates 
of quartz . This fabric becomes mylon i tic locally, especially near the 
Rus sel Head and Hermitage Bay faults. Alkali feldspar and plagioclase are 
f ractured and set in a matrix of quartz ribbons and severely sheared mica. 
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The orthwest ~rook ranite is petro9raphically indistinqui shab l e 
from the .~ or thwes t Cove 9 rani te. 
3.7 Dolland Bi~ht 
The Dolland ~iqht pluton consists mai nly of adaPle llite , but about 
25~ of the outcrop area is covered by 9ranodiorite . 
The avera~e morlal composition is( %): ~uartz 31.7, K-feldspar 24.5, 
pla gioclase 33.8, biotite 1.0, muscovite 9.1 . Garne t is a ubiquitous 
phase and biotite occurs sporadically, mainly as replacement for muscovite·, 
tourmaline occurs locally. Zircon is the only accessory mineral seen. 
Perthite is rare and K-feldspar commonly encloses quartz and euhedral 
r l agioclas e. Plagioc lase is slightly saussuritized, and poorly zoned. 
fl. stron\j fo liation pervades the granite, and beco me s mylon_itic 
l ocally. In places, the roc k has been extensively recrystallized. 
3.8 North Bay 
The tyrica l rock type is a medium grained biotite adamellite. 
There is subtle variation to granodiorite in many areas, with hornblende 
diorite locally at the margin . Small zones of alkali granite also occur. 
Locally, especia lly towards the north the equigranular granite is seen to 
grad e into a megacryst ic variety. The average modal composition i s (%): 
Quartz 29.0, K-feldspar 22.1, plagioclase 38.5, biotite 7.6, muscovite 2.0. 
Acce ssory minerals are zircon, apatite,rare sphen e and opaque oxides. 
Alkali feldspar crysta l s form a rather striking patch perthite. 
Pl agioclase and bio ite are only slightly altered. Muscovite appears to 
be a primary minera l in a few s pecimens, and garnet has been observ ed in 
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one sample. Although the pluton has no pervasive fabric, quartz shows 
undulose extinction,and a strong mylonitic texture is developed locally . 
The Lon~ Pond diorite , Missing Island 0ranodiorite and Round Pond 
norite-tonalite are considered marginal phases of the North Bay pluton. 
They are considered as f erromagnes ian-rich border facies forn1ed after the 
manner described for the Gaultois rluton. 
3.9 Missing Island 
The Missing Island Pluton consists of massive medium grained 
hornblende-biotite granodiorite. Potash feldspar, although consistently 
l ess than plagioclase, increases in abundance locally to make the rock an 
adamellite. The average modal compos i tion is (%) : Quartz 25.4, K-feldspar 
20.1, plagioclase 42.8, biotite 8.5, hornblende 2.5, clinozoisite 0.4. 
Accessory minerals are sphene, epidote, apatite zircon and opaque oxides. 
Plagioclase displays oscillatory zoning and is commonly saussuritized. 
Biotite is slightly chloritized. Hornblende has been partly altered to 
tremolite-acti nol ite. Quartz shows undulatory extinction, with formation 
of subgrains. 
3 . 10 Long Pond Diorite 
The Long Pond diorite has the following average composition( %): 
Plagioclas e (oliCloclase-andesine) 60, biotite 13, hornblende 7, tremolite-
actinolite 6, quartz 5, orthopyroxene 4, clinopyro xene 5, opaques 1. 
1\patite and zircon are prominent accessories. Pla9ioclase shows oscillatory 
zoning; biotite is pleochroic from dark brown to pale yellow; hornblende 
is Pleochroic from pa le green to dark green. The rock shows little sign of 
alteration and bears no evidence of deformation . 
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3.11 Rocky Bottom 
The Rocky Bottom Pluton consists of a homogeneous medium to coarse 
grained hornblende-biotite tonalite. 
The average modal composition is (%): Quartz 26.7, K-feldspar 2.2, 
plagioclase 53.9, biotite 10.7, muscovite 1 .6, amphibole 3.5, clinozoisite 
1. 5. Accessory minerals are epidote, zircon, apatite and opaque oxides. 
Plagioclase displays oscillatory zoning is extensively saussuritized, 
- I 
and biotite which occurs as phe~ocrysts, is severely chloritized and partly 
al t ered to muscovite. Hornblende is partly altered to tremolite-
act i nolite. No foliation is visible, but quartz sh~~s undulatory extfnction 
and biotite is strongly wrinkled. 
3.1 2 Matthews Pond 
The Matthews Pond pluton is relatively homogeneous, medium grained 
equigranular biotite granodiorite. Of the 17 samples studied, all are of 
gra nodiorite composition, with an average modal analysis of (%): Quartz 
26 .5, K-feldspar 10.2, plagioclase 49.9, biotite 10.5, muscovite (secondary) 
2.8 . Accessory minerals are zircon, apatite, sphene and rutile. 
Plaqioclase displays spectacular oscillatory zoning and is 
saussuritized. Biotite is commonly altered to chlorite, epidote, muscovite 
sphene and opaque oxides. Although no penetrative fabric is visible, 
quartz shows undulose extinction and extensive development of subgrain 
bou ndaries . 
13 ~ound Pond 3. 
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Three phases are recoqnized in the Round Pond pluton: (1) medium 
qrained massive olivine norite. This is an olivine-plagioclase cumulate, 
with larqe oikocrysts of orthopyroxene. The average modal composition 
is( %): olivine 6.2, orthopyroxene 14.3, plaqioclase 64.9, biotite 3.7, 
amp hi bo 1 e 9. 3, opaques l . 6. ~1agneti te is the accessory mineral . Olivine , 
one of the early crysta~lizi~q phases,.is common·ly replaced and rimr.1ed 
by orthopyroxene -.. ( · Fi q ·. 3. 4 ) . Orthopyroxene is partly replaced by 
hornblende and biotite. No fa bric is present in the rock and alteration 
is only sli ght. (2) Medium grained massive hornblende gabbro. Average 
J<' 
modal composition is (%): Plagioclase 36.7, orthopyroxene 2.7, hornblende 
41.4, tremolite 17.3, opaques l .9. Hornblende is commonly replaced by 
tremolite-acti nolite, and chlorite. Plagioclase is partly saussuritized. 
No penetrative fabric has been observed. (3) Medium grained massive 
hornblende-biotite granod iorite. Average modal composition is (%): 
Ouartz 22.4, K-feldspar 17.9, plagioclase 43.7, biotite 8.0, hornblende 4.7, 
epidote 3.1, opaques 0.2. Accessory minerals are epidote, sphene and 
opaque oxides. Plagioclase is partly saussuritized, biotite is strongly 
chloritized and hornblende is partly replaced by tremolite-actinolite. 
No fabric has been observed, but quartz shows undulatory extinction, with 
subgrain development. 
Although no contacts h-ave been found between the three phases in the 
Round Pond pluton, composite pegmatite veins sugqest a genetic relationship 
(Colman-Sadd, 1979). 
Fig.3.4. Olivine norite,Round Pond Pluton,showing olivine (in centre) 
rimmed by orthopyroxene.Plagioclase shows excellent lamellar 
twinning (xlO x nicols). 
Fig·3.5~aqenitic texture, Par.tridgeberry Hills granite.Rutile needles 
form rhombohedral array in altered biotite. (x20, x nicols). 
14 Partridgeberry Hills 3. 
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Two phases can be recognized in the Partridgeberry Hills pluton: 
coarse to medium grained perthitic biotite adamellite; (2) medium to 
coarse grained biotite granodiorite-tonalite. The average modal composition 
is (%): Quartz 29.2, K-feldspar 18.4, plagioclase 39.6, biotite 9.3, 
mu scovite 2.9, opaques 0.5. 
Accessory minerals are zircon, sphene, rutile, and apatite. 
Andalusite, qarnet and toutmaline occur locally in the adamellite. 
Reqardless of composition the rock is severely altered. Plagioclase 
is saus suritized almost beyond recognition . Biotite ~s very severely 
altered to chlorite, muscovite, and opaque oxides. Oriented needles 
of rutil e (sagenite) can be seen in many sections of chloritized biotite 
(Fig. 3. 5) . In p 1 aces the rock has been invaded by veins of carbonate and 
epidote . This alterat i on is probably due to percolati ng fluids duri ng 
the later stages of consolidation. 
3.15 Through Hill 
This is a medium to coarse grained adamellite-granodiorite, with 
minor amounts of tonalite. Muscovite and pink garnet up to 2mm are 
ubiquitous. Biotite and black tourmaline occur locally. The average modal 
composition is (%): Quartz 27.4, K- feldspar 22.2, plagioclase 39.1, 
biotite 1.3, muscovite 10.0. Zircon is the accessory mineral. Locally, 
the qranite assumes a graphic texture, indicating a near eutectic crystal-
lization. No penetrati ve fabric has been observed, but quartz shows 
undulatory extinction and some micas are slightly kinked. There are no 
signs of any significant alteration. 
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3.16 summary 
From the 'Preceding descriptions it is clear that the Bay D'Espoir 
granitoids fall almost exclusively in the adamellite-granodiorite clan. 
Tonalite and diorite cons t itute a .out 10%, while granite (ss ) is less than 
l%. This pattern i s rena r kably similar to that of the Sierra Nevada 
calcalkaline batholith (Bateman et al, 1963) as shown in Fiq.3.6. Of the 
total aerial exposure gra nod iorite: ademellite ratio is higher among the 
Northern Granitoids than the Southern Granitoids. However, there is no 
systematic decrease in the ratio from northwest to southeast, some of 
the lowest ra t ios being recorded in the most norther1y pluton, the 
Through Hill. The North Bay pluton with its mafic border facies and the 
Gaultois pluton with its late pegmatitic phases are used to illustrate 
mineral paragenesis in the Northern and Southern granitoids respectively. 
The North Bay pluton may be characterized by the followinq 
assemblages, where 
is present: 
quartz occurs in all except the first, in which olivine 
olivine+ orthopyroxene+ magnetite 
ortho pyroxene+ magnetite+ clinopyroxene+ amphibole 
magnetite+ amphibole +biotite 
(magnetite) + biotite (most common) 
biotite +muscovite 
muscovite + garnet 
The Gaultois pluton may be characterized by the following assemblages, 
in which quartz and plagioclase are present throughout: 
amphibole +magnetite + biotite + sphene 
magnetite + biotite + sphene (most common) 
Quartz Quartz \)uartz 
Plagioclase 




Plagioclase ... .• 
Quartz 







Fig.3. 6c. Plot of 40 average modal co~positions of granitic rocks,Sierra 
Nevada batholith, representing 597 analyses.(After Bateman et al .,1963) 
Compositional range is very similar to that of the Bay D'Espoir 
granitoids . 
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biotite + muscovite 
muscovite + garnet 
The assemblages above partly shared by each of the plutons are 
very similar to those described for calc-alkaline suites elsewhere 
(Kuno, 1960, Best & Mercy 1967\ Stronq, 1979). Hciwever it should be 
noted that in both Nor t h Bay and Gaultois plutons, qarnet is associated 
with muscovite, with no biotite or hornblende. Garnet occurs ubiquitously 
only in the muscovite granites Through Hill and Dolland Bight. Where 
qarnet occurs in the other plutons, there is a clear inverse relation 
between it and other ferromagnesian minerals. These observations support 
# 
the contention by Cawthorn and Brown (1976) that once garnet begins to 
precipitate other ferromagnesian minerals (biotite and hornblende) are 
in reacti on relationship with the melt. 
Strong (1980) proposed the following classification for Appalachian-
Caledoni an granitoids, with implications for their ore-bearing potential . 
Suite (l) Composite mafic-silicic amphibole bearing calcalkaline plutons. 
Suite (2) Biotite granite-granod iorite often containing megacrysts of 
microcline. 
Suite (3) Muscovite-biotite (2 mica) leucogranites. 
Suite (4) Alkaline-peralkaline aranites. 
The dist inction between suites (l) and (2) is not always clear. Suite (2) 
granitoids are often amphibole bearing and have the petrographic signature 
of calcalkaline suites, as illustrated for the Gaultois and North Bay plutons. 
With this in mind, the Bay D'Espoir granitoids can be placed i nt o Suites (2) 



















In terms of outcrop area~ the Southern Granitoids are evenly 
divi ded between suites 2 and 3 whereas the Northern Granitoids are over 
90% of suite 2. Strong (1980) has noted that suite 3 granitoids in 
Wes tern Europe are associated with U, Sn, W, and Be, whereas suite 2 
granitoids are generally barren. The applicaton of this observation to 
t he study area will be examined in Chapter 7. 
49 
CHAPTER 4 
RU BIDIUM - STRONTIUM ISOTOPIC AGE DETERMINATIONS 
4.1 Introduction 
The Rubidium Strontium isotopic method (York and Farquhar, 1972) 
was used to obtain radiometric dates for four plutons in the area, to 
place constraints on the nature of the source materials, and to provide 
constraints on the timing of structural development as discussed in 
Chapter 5. The plutons dated are: (1) North Bay g~~nite (2) Through 
Hill granite (3) Partridgeberry Hills granite and (4) Gaultois 
megacrystic granite. Field and laboratory methods, and whole rock 
chemistry are given in Appendix 2. Implications of the isochrons for 
the Southern and Northern ·granitoids are examined below. 
4.2 The Northern Granito ids 
Among the Northern Granitoids, three plutons were dated: North 
Bay, Through Hill and Partridgeberry Hills granites. The data are as 
follows: 
Strontium No. of 
Pluton Age (Ma) Initial Ratio Points MSWD 
North Bay-A + 427 - 12 + 0.7053 - 0.0003 4 4.2 
North Bay-B + 430 - 4 0.7066 + - 0. 0001 8 6. l 
Through Hill + 429 - 2 + 0.7207 - 0.0005 6 2.7 
Partri dgeberry Hi 11 s 431 + - 5 + 0.7154 - 0.0004 6 l 2 
These ages overlap, within the limits of experimental error 
suggesting that at least some of the Northern Granitoids(ca.80% of outcrop 
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area) were emplaced over a short period in Silurian time. Whether 
thi s wide range of strontium isotope initial ratios represents those 
of the source material or reflects varying degrees of crustal contamina-
t i on during magmatic ascent cannot be stated with certainty. However, 
it seems likely that the crust underlying the study area had input 
from both continental and oceanic sources during the Silurian. That 
such a variety of source material was available is attested to by the 
vari ety of lithologies comprising country rocks to the Northern granitoids: 
pe lites, siliceous sandstones, acid volcanics, pillow basalts, diabase, 
gabb ro and ultramafics. Individual isochrons are d~scussed below. 
4.2 .1 North Bay Granite 
The North Bay granite forms the eastern margin of the Facheau 
Bay batholith . The Salmon River Dam fault divides the pluton into 
nor t h and south lobes. The north lobe is dominantly granodiorite, while 
the south lobe mostly biotite adamellite. An i sochr on was qe ne r ated fo r 
each lobe(Figs.4 . 1 ,4 .2 ),but the is och r ons are near ly par all e l and have 
very similar intercepts . For the north and south lobes respecivel y, 
the ages are 430 ~ 4 Ma (NB-B) and 427 ~ 12 Ma (NB-A) with corresponding 
stron tium isotope initial ratios of 0.7066 and 0.7053. Details of the 
data are given with the isochron below .(Fiqs.4.1,4.2; Tables 4.1,4.2). 
Although the two lobes of the North Bay granite appear to 
produce separate isochrons, the ages overlap within experimental error. 
They appear to be consanguineous on geochemical grounds (Chapter 6). 
Th e slight difference in strontium initial ratio is therefore attributed 







NORTH BAY (NB-A) 
AGE: 
INITIAL RATIO: 
. 5 1 . 0 1 . 
87Rb/ 86sr 
427 +/- 12 Ma 
.7053 +/- .0003 
2.0 
Fi g.4.1. Rubidium-Strontium isochron NB-A,North Bay Granite,south of the 
Salmon River Dam Fault . 
. 725 







430 +/- 4 Ma 
.7066 +/- .0001 
.700 ------~----~------L-----~------~--~ 
0.0 . 5 1.0 1.5 2.0 2.5 3.0 
87Rb/ 86Sr 
F" 19·4.2. Rubidium-Strontium isochron NB-B,North Bay Granite,north of the 
Salffion River Dam Fault. 
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TABLE 4 .1. 
Rb-Sr Data for North Bay CNB-A) Pluton 
Rb/Sr Rb87/Sr86 Sr87/Sr86 
Samp1 e No . Rb Sr (weiqht) (mol) (mol) 
NB 1 132 . l 198 . 2 . 666 l . 930 . 7170 
170072 17 5. l 463 . 7 .377 l .093 . 7116 
~~ 
170080 136 .4 456 . 9 . 298 .864 .7107 
170198 128 . 5 536 . 0 . 239 .694 . 7091 
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TABLE 4 . 2 . 
Rb-Sr Data for No r th Bay ( NB -B) Pluton 
Rb/Sr Rb87/ Sr86 Sr87/ Sr86 
Samp 1 e No . Rb Sr (weig ht) (mol) (mol) 
NB 5 57. 14 355 . 6 . 160 .465 .7095 
NB 6 146 . l 218 . l . 669 l . 94 . 7184 
NB 8 133 . l 240 .4 . 553 l .603 . 7163 
NB 9 129 . 6 230.8 . 561 l . 62~, . 7166 
NB 10 168 . l 174 .8 . 962 2. 78 .7239 
NB 11 108.5 198 . 3 547 l . 585 .7164 
170374 74 . 5 223 . 2 .334 . 966 . 7124 
170385 132 .8 237 . 560 l . 624 .7164 
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exposed, as evident f rom the abundance of xenoliths occurring there 
87 86 (Cha pter 2). The narrow range of Rb /Sr (0 to 3) tends t o accentuate 
any error due to natural contamination and analytical s hortcomings. 
Samp l es NB-5 and NB-6 were taken from the Long Pond diorite and Missing 
Island granodiorite respectively . These t wo samples have Sr i sotope 
values cons i s t ent wi th their beinq oar t of the North Bay oluton,as 
suqqested in Chapter 3. 
4. 2. 2 Through Hill Granite 
The Through Hi ll granite is a small pluton i~ the northern 
extremi ty of the study area, consisting mostly of garnet-muscovite 
adamellite. A six point isochron was produced, indicating an age of 
429 ~ 2 Ma, and strontium initial ratio of 0.7207. This date is almost 
identi cal to those obtained for the North Bay granite, whereas the 
strontium initial ratios are of sharply contrasting values. The 
stront i um initial ratio is unusually high for Gander Zone granitoids 
(see St rong, 1980). Since the Through Hill granite shows little sign 
of alteration, the strontium initial ratio is considered to be original, 
indi cating that the source material was largely recycled continental 
crust (c.f. Faure and Powell, 1972). This is consistent with the highly 
peraluminous nature of the granite (Chapter 6), indicated in the field 
by the ubiquitous occurrence of garnet and muscovite, and highly 
sili ceous sedimentary xenoliths . The Silurian Botwood group cropping out 
adjacent to the Through Hill granite, and consisting largely of continental 
sili ceous sandstones and subaerial volcanics (Williams, 1970; Dean, 1977) 
may have been derived from a source similar to that of the Through Hill 
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granite. The closest likely source for recycled continental sediments 
sho u 1 d have been the Ava 1 on Zone (c. f. Co 1 man-Sadd, 1980b) about seventy 
kilometers to the east, where Precambrian sediments and subaerial 
vol canics occur (Hussey, 1979). The juxtapositioning of such highly 
radiogenic sediments with mafic and ultramafic rocks in such a small 
area (as described above) underscores the local heterogeneity of the 
crust in Silurian time, and may be a reflection of the considerable east-
west cr ustal shortening thought to have occurred i n the Ap palachian orogen 
du ri ng the Taconic and Acadian orogenies (Williams, 1980). Detailed 
dat a and the isochron are shown belo v. (Fig . 4.3 ; Ta b l~ 4.3). 
4.2.3 Partridgeberry Hills Grani t e 
The Partridgeberry Hills granite is a large pluton ranging 
from bi otite granodiorite to adamellite with metasedimen t ary xenoliths. 
The grani te is extensively altered, as described in Chapter 3. The 
isochron indicates an age of 43 1 ~ 5 Ma and a strontium initial ratio 
of 0.7154. Details of t he da t a a0e shown -in- Table 4.4. 
As can be seen from Fig~. 4 , the isochron has been constructed 
with a very wide range in Rb87;sr86 (o t o 5o)with no points lying between 
the ext remes. The isochron is therefore to be regarded as only preliminary. 
However , the close agreement with the ages obtained for the North Bay and 
Throug h Hill granites suggests that 431 ~a is probably close to the true 
age of the Partridgeberry Hills gran i te. The high Strontium initial ratio 
of n.71 54 indicates an origin from continental crust, consistent with 
the 1 oca 1 ( ) occurrence of apparently primary andalusite and garnet Chapter 3 , 
and the presence of metasedimentary xenoliths. 
.900 
.850 THROUGH HILL 
.800 
.750 
AGE: 429 +/- 2 Ma 
I N IT I A L RAT I 0 : . 7 2 0 7 ~t-I - . 0 0 0 5 
.700 ~----------_.------------~----------~------------~ 
0.0 5.0 10.0 15.0 20.0 
87Rb/ 86sr 


















431 +/- 5 ~1a 
.7154 +/- .0004 
~----~----~----~----~----~ 0.0 10.0 20.0 30.0 40.0 50.0 
87Rb/ 86sr 
Fi g.4. 4 . Rubidium-Strontium isochron,Partridgeberry Hills Granite. 
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TABLE 4.3 
Rb-Sr Data for Through Hill Pluton 
Rb/Sr Rb87/Sr86 Sr87/Sr86 
samp1 e No. Rb Sr (weight) (mol) 
(mol) 
170501 163.7 69 .l 2.37 
6.899 0.7634 
170504 127.2 100.7 l . 26 3.670 
0. 7 427 
170506 158.4 31 . 9 4.98 14.~5 
0.8119 
170511 159.3 53.4 2.98 8.699 
0.7739 
170516 164.3 28.9 5.69 16.66 
0.8225 




Rb-Sr Data for Partr i dgeberry Hil l s Pluton 
Rb/Sr Rb87/Sr86 Sr87/Sr86 
Sample No. Rb Sr (weight) (mol) (mol) 
p 13 266.1 l R .4 14.50 43.09 0.9798 
p 20 173.8 135 . 9 l . 28 3.713 0.7385 
p 35 159.3 137.6 l . 16 3.360 0.7348 
p 39 148.5 112.6 l . 32 3. 81.7 0.7391 
p 49 176.0 107.6 l . 64 4.750 0.7445 
p 50 113.6 112.0 l . 02 2.945 0.7300 
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4.3 The Southern Granitoids 
Among the Southern granitoids, only the Gaultois megacrystic 
aranite was dated. From field relations (Chapter 2) the Gaultois granite 
J 
is inferred to be the oldest of the Southern granitoids. Determination 
of its age therefore provides a lower age limit ; for all of the Southern 
granitoids. The Gaultois granite varies from hornblende-biotite diorite 
in the northeast through granodiorite to biotite adamellite in the south-
west. A ten point isochron was constructed, using this range of rock 
types . The isochron, (Fiq 4.5 ) gives a date of ~ 50"!:" 18 Ma, with 
sr87;sr86 initial ratio of 0 . 7105 "!:" 0.0004, and M.S .W.D. of 16.6. 
IIi' 
Details of the data are qi ven i n Table 4 ~ 5. 
+ The age of 350- 18 Ma has relatively a large error (ca5%) with 
an M. S. W.D. of 16.6. Although care was exercised in selecting samples 
showing a minimum of alteration, it was not entirely possible to avoid 
samples which were partly chloritized and hematitized especially near the 
Hermitage Bay fault. A small degree of metasomatic alteration appears to 
be res ponsible for the slight scatter of points. Furthermore, the 
narrow range of Rb87-sr86 (1-2) tends to amplify the error. 
Within the limits of experimental error the age of the Gaultois 
granite overlaps that of the Ackley City batholith immediately to the east 
(345 ~ 9 1a Bell et. i!_l . , 1977) (352:: 10, 355:: 10, 356 "!:" 10 Ma,O ' Dri s coll 
and Gibbons, 1980). Both of these plutons are megacrystic, and together 
occupy an area of over 5000 km2 . The two similar ages suggest considerable 
deep l evel granitoid generation in the area in late Devonian - early 
Carboniferous time. The higher strontium initial ratio (0.7105) for the 
Gaultois granite suggests that this pluton was generated from source material 
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. h 1·n radiogenic strontium, probably largely of continental origin, nc 
whereas the source material for the Ackley City batholith (initial ratio 
o.?048) had a greater mantle i nput (c.f. Faure and Powell, 1972). This 
substantial difference in strontium initial ratio for similar granitoids 
of apparently similar age within such a relatively small area reflects 
considerable heterogenity of the lower crust from which the plutons are 
thought to have been generated by partial melting in late Devonian - early 
carbon iferous time. The Ackley City batholith is relatively undeformed, and 
from f ield relations was intruded later than the Southern Granitoids 
(Dickso n et. al. 1980). The _ages of the Gaultois gra-nite and Ackley City 
batholith provide lower and upper limits respectively for intrusion of all 
of the Southern Granitoids. It is therefore likely th a t the entire suite 
was intruded over a short interval in late Paleozoic time during the 
Acadian orogeny . 
4.4 Summary 
The Bay o•Espoir granitoids fall into two groups: (1) the Northern 
granito ids which appear to have crystallized and intruded,pr obably a l l 
together (ca. 43Q~1~ ·) in Sil urian time; (2) the Southern granitoids v.Jhich 
apparently crystallized and were intruded in early Carboniferous (&a.350 Ma). 
The considerable variation in strontium initial ratios within two ~elatively 
small areas indicates significant heterogenity of the lower crust during 
the Acad ian orogeny. It appears that granitoid magmatism in the Bay o•Espoir 
area occur red in two pulses coinciding with the earliest and latest stages 
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INITIAL RATIO : 
350 +1 - 18 Ma 
. 7 103 ± • oon4 
.700 ~--~----~----~----~--~~--~----~----~----~--~ 
0. 0 . 2 . 4 . 6 .8 1. 0 1. 2 1. 4 1.6 1.8 2. 0 
87Rbi86 Sr 
Fig. lJ- . 5 . Rubidium-Strontium isochron,Gaultois ~1egacrystic Granite. 
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TABLE 4.5. 
Rb-Sr Data for Gaultois Pluton 
Rb/Sr Rb87/Sr86 Sr87/Sr86 
Samp 1 e No. Rb Sr (weight) (mol) (mol) 
G 1 169.0 380.7 .4441 l .286 .7169 
G 2 236.9 378.0 .6267 l . 81 5 . 7191 
G 4 184. l 341 . 3 .5394 . l . 562 .7179 
i" 
G 5 191 . 9 351 . 2 .546 l . 583 .718 
G 6 229.4 368.4 .6227 l .804 .7190 
G 7 178.8 312.0 .5729 l . 659 .7188 
G 8 199.3 363.8 .5479 l . 587 . 718 
G 9 192.4 320.3 .6009 l . 740 . 719 
G 10 234.2 345.9 .6771 l . 961 . 720 





The structural evolution of the Bay D'Espoir area has been 
summari zed by Colman-Sadd (1980). The Little Passage gneisses were deformed 
prior to the first deformation in the Bay D'Espoir group. The gneisses 
were l ater overprinted by a steep northeasterly-trending foliation 
which is axial planar to t ioht isoclinal folds. The ~~neisses are intruded 
by the southern granitoids which are also overprinted by the same steep 
northeasterly-trending fabric. Several steep faults cut the gneisses and 
granitoids (Colman-Sadd et al , in press), most prominent among which 
are the Day Cove Thrust, the Russel Head and Hermitage Bay faults. The 
Hermitage Bay Fault is part of a major structure separating the low-grade 
Avalon Zone terrane from highly metamorphosed Gander Zone rocks (Blackwood 
and O'Driscoll, 1976). The Russel Head fault is probably a secondary 
structure (cf. Chinnery, 1966; Lajtai, 1969) related to movement along 
the Hermitage Bay fault. 
Two episodes of deformation have been identified in the Bay 
D'Espoir Group (Colman-Sadd, 1980), into which the Northern granitoids 
have been intruded. In contrast to the Little Passage gneisses, primary 
structures and fossils are preserved in the Bay D'Espoir group (Coleman-Sadd, 
1980 ). Several faults traverse the Bay D'Espoir Group (map 1), producing 
zones of intense mylonitization. 
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As stated in Chapter 2, except for the Indian Point and Piccaire, 
all of the southern granitoids bear a strong northeasterly-trending foliation. 
The fo liation is defined mainly by aligned micas and flattened quartz 
aggregates. The following observations may be noted: (1) The foliation 
in the plutons is steep and parallel (or near parallel) to the latest 
overpr inting foliation in the host gneisses. (2) The plutons are 
elonga ted parallel to the foliation , (see map 1) (3) Late-stage pegmatites 
either cut across the foliation or are injected subparallel to the 
foliati on, and deformed with the granite. No convolu~ed pegmatites have 
been observed. (4) Within the limits of error the aqes of the Gaultois 
and Ac kley City granitoids overlap (Cha nter 4). The Ackley City pluton 
truncates the foliation in the Northwest Brook granite (Dickson and others, 
1980) which in turn intrudes the Gaultois. The Hermitage Bay Fault 
abruptl y truncates the Southern granitoids and offsets the southwestern 
tip of the Ackley City batholith for a few kilometers towards the 
northeast. Further north, the Ackley City batholith cuts off the 
Hermitage Bay Fault. 
The above evidence suggests that intrusion and foliation of the 
southern granitoids occurred over a short time span. It appears that 
intrusi on of the plutons and the pegmatites occurred in the same stress 
field t hat produced the foliation. The Southern Granitoi ds are therefore 
probably syntectonic. 
~ 3 Structural Features of the Northern Granitoids 
The Northern Granitoids intrude the Bay D'Espoir Group, after the 
f' lrst of two major deformation episodes (Colman-Sadd, 1980). The first 
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deformation (D1) formed northeast-trending, shallowly-plunging isoclinal 
folds through the group. Some of these structures indicate that the 
sedi ments were largely unlithified at the time of deformation. 
The Northern granitoids cut across structures attributed to D1 
are generally oval shaped and, except locally, lack a penetrative fabric. 
The No r thern granitoids are therefore post-tectoni c with respect to o1 . 
The second deformati on of the Bay D'Espoir Group (D2) resulted 
in nor theasterly-trending recumbent folds. Deformation is strongest 
in the Isle Galet Formation, adjacent to the Day Cove Thrust , where 
isoclinal folds have transposed the earlier fabric, ~nd obliterated 
pri mary structures in some units. Towards the north, fol ds become 
more open (Fig. 2.9) and the axial planar fabric is reduced to a cr enulation 
cleavage. The granitoids, which are well-removed from the Day Cove Thrust, 
show li ttle sign of deformation from D2, al t hough local mylonite zones 
associated with faulting, have been observed in the Nor t h Bay and Partridge-
berry Hills granites. It appears that D2 was related to movement along the 
Day Cove Thrust. Consequently deformation is strongest in the fron t line 
Isle Galet Formation. Nor t bward the bulk of the stres s ha s · been absorbed 
by faul ting. The Big Rattling Brook Thrust and the Salmon River Dam Fault 
are examples (see Map 1). Thesec_an.ddeformation with its extensive faulting 
is correlated with the latest overprinting foliation in the Little Passage 
gneiss es and therefore with intrusion of the syntectonic Southern Granitoids. 
2._.4 The He rmi t age Bay Faul t 
2_. 4 · 1 Introduction 
The Hermitage Bay Fault has been interpreted as a high angle 
reverse fault by Widmer (1950). Its tectonic significance as the boundary 
between the Avalon and Gander Zones has been discussed by Blackwood and 
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o•oriscoll (1977). In the study area the fault forms a prominent 
steep gorge extending southwesterly iDto Hermitage Bay. Granitoid rocks 
fro m the Indian Point, Northwest Brook, and Gaultois plutons, and 
Hardy •s Cove complex have~ been severely fractured, shattered, pulverized 
and altered within the fault zone (Fig.5.U. Fault breccia and fault gouge 
(cf. Higgins, 1971) can be observed in roadcuts within the fault zone. 
Clasts from adjacent plutons can be recognized within the breccia. Zones 
of myl onitization were observed in granitoids adjacent to the fault. 
5 .4. ~ Deformation in the Indian Point Granite " 
The Indian Point granite is a small pluton ~a 5 km2) at the head 
of Hermitage Bay. Immediately adjacent to the Hermitage Bay and Russel 
Head faults, the granite bears evidence of both brittle and plastic 
deformation . Locally, the rock lacks primary cohesion, and has been 
reduced to a red fault breccia and fault gouge. This type of struc t ure 
is probably due to rapid movement along the fault at relatively low 
temperatures and low confining pressures - seismic faulting (Scholz and 
Fitch, 1969). In other areas along the fault zone the granite has been 
myloni tized. Quartz grains have been transformed into elongate 
polycrystalline ribbons probably by dynamic recrystallization and intra-
crystalline slip (Nicolas and Poirier, 1976; Vauchez, 1980). Biotite 
has been bent, stretched, recrystallized and altered. Microcline and 
plagi oclase porphyroclasts have been partly fractured and recrystallized 
around the edges. Neomineralization produced epidote, carbonate, sphene, 
chlori te, muscovite and opaque oxides. Mylonitization, in contrast 
to brecciation,was probably produced by a slower strain rate 
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Fig. 5.1. Fault gouge and fault breccia,Hermitage Bay Fault;recent road 
cut along highway 360 exposes the rubble. 
Fig. 5.2. Brecciated granite;Hermitage Bay Fault (x 5.) 
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under significant confining pressure (cf. Ball 1980). 
Scholz and Fitch, (1969) working on the San Andreas Fault 
showed that movement along the fault consists of al te r nat i ng ep isodes 
of ra pi d (seismic)faulting and creep. When strain accumulation outpaced 
strain- softening processes like dynamic recrystallization, during the 
quies cent (creep) periods, the stage was set for a catastrophic seismic 
event. Similar processes can be envisaged for the Hermitage Bay Fault, 
to expl ain the superimposition of brittle deformation on a mylonitic 
fabric. 
5.4. 3 Tectonic Significance of the Hermitage Bay Fault 
Together with the Dover Fault in northeastern Newfoundland, the 
Hermitage Bay Fault forms the boundary between the Avalon and Gander 
Zones (Blackwood and Kennedy, 1975; Blackwood and O'Driscoll, 1976). 
Gander and Avalon Zone rocks adjacent to the fault contrast sharply in 
age, grade of metamorphism, lithology, and style of deformation (Blackwood 
and O'Dr iscoll, 1976; O'Driscoll and Strong, 1979; Colman-Sadd, 1980). 
The Hermitage-Dover fault system was considered to have been initiated 
in Hadrynian time, based on correlation with structures in Hadrynian 
rocks (Love Cove Group) east of the fault. This contention gained further 
acceptance when a Rb/Sr date of 490 ~ 10 Ma for the 'Straddling• Granite 
set an upper age limit on initiation of the fault (Blackwood and O'Driscoll, 
1976; O' Driscoll and Strong, 1979). Since the 'Straddling• (Indian Point) 
Granite i ntrudes the Gaultois granite, an age of at least lower Ordovician 
would be inferred for the h · ·d sout ern gran1to1 s. 
Recent work along the Hermitage-Dover fault system suggests 
movement 
occurred during the Acadian orogeny, with no evidence for activity 
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prior to that. Bell and others, (1979) have shown that the Dover Fault cuts 
t Pluton dated at 312 ~ 42 Ma. Hussey (1979) presented several the Jewpor 
radiometric dates indicating that deformation in the Love Cove Group 
which correlated with movement along the Dover Fault was in Devonian 
ti me . From the present study (Chapter 4) it seems that the Indian Point 
pluton is different from rocks southeast of the fault assigned to the 
•straddling ' Granite . The age of 490 ~ 10 Ma (Blenkinsop et al, 1976) 
was obtained for samples collected southeast of the fault, on the Avalon 
side (O'Driscoll, pers. com., 1980). Most of the Southern granitoids 
are truncated by the Hermitage Bay Fault; among them~ is the Gaultois 
+ Granite dated at 350 - '18 Ma (this study) which is intruded by the 
Indian Point Granite. This not only suggests Acadian movement for the 
Hermitage Bay Fault, but also strengthens the suggestion in Chapter 4 
that th e 'Straddling' Granite, as defined by O'Driscoll (197 7) ,is a 
composite of several igneous entities. 
The following conclusions may be drawn from the pr~ced inq 
discus sion: (l) The apparent conflict between field and radiometric 
evidence for age relations among the Southern granitoids is resolved. 
The previous age of 490 ~ 10 Ma for the Indian Point ("Straddling") 
confli cted with the Rb/Sr age of 350 ~ 18 Ma for the Gaultois granite 
which seems to have been intruded by the Indian Point Granite. (2) Since 
all of the Southern granitoids adjacent to the Hermitage Bay fault are 
truncated by it, significant movement must have occurred during and/or 
after emplacment of the plutons. From field relations the sequence 
of intru sion for the granitoids in the vicinity of the Hermitage Bay Fault 
i 5 as follows : 
70 
Ackley City ......... 345 ~ 5 Ma (Bell et al, 1977) 
Indian Point 
N.W. Brook, N.W. Cove 
Gaultois · · · · · · · · · · · 350 ~ 18 Ma (this study) 
Al t houg h more work is clearly needed in radiometric datinn , i t scens 
likely that intrusion of the entire suite occur red over a s ho r t period of 
ti me i n early Carbonifer ous. Ma j or movement alonq the fau l t pr obably 
occurred during emplacement of the syntectonic Southern G rani toi ds and 
for a short time thereafter, the fault being abruptly truncated by the 
Ackley City batholith. (3) The Ackley City Batholi~ is the only granitoid 
pluton to straddle the Gander-Avalon Zone boundary, and appears to have 
done so in the Lower Carboniferous (Bell et Rl, 1977; O'Driscoll and 
Gibbons , 1980). Hence, with the recent findings of Hussey (1979) there 
is no un ambiguous evidence for movement al ong the Hermitage-Dover fault 
system i n Hadrynian time (Blackwood and O'Driscoll, 1976). Indeed, there 
is little evidence for juxtapositioning of the Avalon and Gander Zones 
prior to the Carboniferous. (4) To account for the juxtapositioning 
of the t wo terranes of such contrasting metamorphic grade, movement of 
the fau lt must have had a significant vertical component, as suggested 
by Widmer (1950). The extent of lateral movement is open to speculation 
(Kennedy , 1976), although the presence of what appears to be a secondary 
fault (Russel Head) suggests some strike slip movement (cf. Chinnery, 1966) . 
.§_. 5 Summary 
Rocks of the Bay D'Espoir rea seemto,have undergone significant 
como res s. b . . 
· 1on a out a northeasterly trend1ng ax1s. Most of the strain was 
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Orded in the gne i ss i c terrane and unit s of the Bay D'Es po ir gro up rec 
immed ia tely adjacent to it . Whereas deforma tion in the north appears 
to have been at l ow temperatu r es, compression in the south (g ne issic 





GEOCHE~ISTRY AND PETROGENESIS 
This chapter aims to outline significant chemical trends among 
the plutons and evaluate the bearing of these trends on their petrogenesis. 
Four hundred analyses were done from eleven plutons, six of which are 
from the Southern Granitoids, with the other five being from the 
Northern Granitoids. For reasons outlined in Chapter 3, analyses from 
the Long Pond Diorite, Missing Island Granodiorite aRd Round Pond norite-
granodiorite are included with those of the North Bay Grani te . 
Samples were analysed for major elements as well as Ba, Be, Cr, Ni, 
Cu, F, Ga, Li, Mo, Nb, Pb, Rb, Sr, U, V, Zn and Zr. In addition, the 
Partridgeberry Hills and Through Hi ll plutons were analysed for Ce, La, 
Th and Y. Detailed analyses and laboratory methods are outlined in 
Appendix l . 
The problem of the 11 Straddling Granite 11 , discussed in Chapter 5 
is further investigated. The application of genetic classification schemes 
such as the I-S system (Chappel and White, 1974) to the granitoids is 
evaluated. The significance of the granitoids to tectonic development 
of the Gander Zone is discussed, with wider implications for the entire 
Appalachian Orogen. 
The plutons are listed in Table 6. 1. wi th brief desc r i pt ions 
and the symbols . used to denote them in the dia r-ams that follow. 
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TABLE 6 .1. 
GRAN ITOI D PLUTONS OF THE BAY D'ESPOIR AREA 
Southern Granitoids 













Ga ultois megacrystic biotite 
adamellite 
~lorth t~J es t Cov e muscovite (biotite) 
adamelli t e 
Indian Point biotite adamellite 
("Straddl i ng") 
North Hest Brook muscov i te (biotite) 
adamell i te 
Dolland Bight garnet-muscovite 
adamel l ite 
Northern Granitoids 
Rocky Bottom hornblende-biotite 
tonalite 
~1atthews Pond biotite granodiorite 
Partridgeberry biotite adamellite; 
Hills graniodiorite 
Through Hill garnet-muscovite 
adamellite 
North Bay biotite adamell i t~ 
(including t ong Pond granodiorite 














6.2 General Remarks on Major Element Trends 
There are no unusual concentrations of major elements among the 
Bay D'Espoir granitoids . They are of intermediate to high silica content, 
with nearly all values of Si02 between 55% and 80%; most of the 400 
analyses cluster in the range 65% to 75%. The low silica points on 
the North Bay (15) variation diagrams represent mafic (probably cumulate) 
marginal facies . Therefore the apparent silica gap in the variation 
diagrams does not reflect a true bimodal character (e.g. Fig. 6.1). 
The plutons are consistently peraluminous, with molecular 
Al 2o3; (CaO + NA20 + K20) ~ 1 (Fig.6.6) and modal muecovite and garnet in 
some of them. Total alkalis (Na 2o + K20) vary sympathetically with Si02, 
(Fig.6.1), although the correlation is somewhat imperfect due to variation 
in biotite ~ muscovite and alkali feldspar as Si02 increases. As expected 
CaO, Ti 02 (Figs.6~,6 . 3), FeO, Fe 2o3 , MgO, MnO and P2o5 vary inversely 
with Si02, corresponding with the following petrographic observations 
(Chapter 3): In the series diorite-granodiorite-biotite adamellite-
muscovite adamellite , there is a tendency towards less calcic plagioclase 
(Ca), and fewer ferromagnesian minerals (FeO, Fe 2o3 , MgO, MnO). P2o5 and 
Ti02 are concentrated in apatite and sphene, two early phases common 
in diori tes but rare in muscovite adamellite . 
Trends in the AFM diagrams for the Gaultois and North Bay plutons 
(Figs. 6.14,6.7) are very similar to those obtained for the Cascades orogenic 
suite which was presumably generated in a compressional environment 
(Martin and Piwinski, 1972, 1974). This geochemical feature is consistent 
with the structural interpretation (Chapter 5) that the study area 
suffered significant compression, mainly during the Acadian orogeny. The 
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Fig . 6.2a. Can vs Si02, Northern Grani to ids. 
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Gander zone, in which the study area is located, has been interpreted 
by many workers as a region of intense crustal shortening (Blackwood 
and Kennedy, 1972; Stevens et al ., 1974; Jayasinghe, 1979; Colman-Sadd, 
19sob; Williams, 1980). 
6.3 General Remarks on Trace Elements 
As for the major elements the Bay D'Espoir Granitoids show no 
unusu al concentrations of trace elements. Trace elements of economi c 
importance such as Be, Cu, Mo and U are restr i c t ed to 'backgr ound' levels. 
This i s further discussed in Chapter 7. The following general observat i ons 
may be noted. 
Zirconium varies i nversely with silica, often produ ci ng linear 
trends (Fig.6.4). This is consistent with the petrographic observation 
that zi rcon is an early fo r med phase , commonly enclosed in horn blende 
and especially biotite. Near linear trends may th erefo r e reflect fracti on-
ation of biotite. Rb:Sr ratios tend to be higher i n t he more differentiated 
leucogr anites than in the biot i te granodi orites (F i g. 6.11). This coul d 
be du e to fractionation of K-feldspar and plagioclase, as discussed below. 
K:Rb r a t ios are restricted to normal crustal abun dances (cf. Tayl or, 1965). 
K:Rb ratios are generally lower in the Sou t hern Granitoi ds than in the 
Northern Granitoids (Figs. 6:12,618) , and are discussed in greater 
detail below. 
6
·4 The I-S System of Classification 
Chappel and White (1974) proposed a genetic system for classifying 
granitoi d rocks, depending on whether the source material was igneous 
(I-type ) or sedimentary (S-type). A number of criteria were listed fo r 
identi fying the two classes (Chappel and White, 1974; White and Chappel, 
1977 ; Chappel, 1978; Hine et al ., 1978), as follows : 
~~r~~-Type 
1. vari ation diagrams produce 
linear trends 
2. ~lide silica range 
3 Na relatively high; Na 20> 
3.2% in felsic varieties 
fallin g to 2.2% in more mafic 
types 
4. C.I.P .W. normative diopside 
or < l % normative corundum 
5. Mol. Al 203/(Ca0 + Na 2o + K20) 
< l . l 
6. Contain biotite + hornblende 
+ + 
- sphene - magnetite 
7. Low initial 86sr/Sr87 ratios 
(0.704 - 0.706) 
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11 S 11 -Type 
1. Variation diagrams tend 
to be irregular 
2. Restricted to high silica 
compositions 
3 . Na relatively low; Na 20< 
3.2% in rocks with 5% K20, 
falling to less than 2.2% 
in rocks with < 2% K20. 
ii' 
4. C.I.P.W. normative 
corundum > 1% 
5. Mol. Al 203/(Ca0 + Na 2o + K20) 
~ 1 . 1 
6. Contain biotite ~ muscovite 
+ + 
cordierite - garnet 
+ 
- i 1 meni te 
7. Higher 87sr/Sr86 ratios~ 0.708 
The I-S system is examined in Table 6 •. 2, to test its applicability 
to the Bay o• Espoir granitoids. 11 111 and 11 $ 11 characteristics are identified 
by numbers in t he above list. 
Pluton 
p;cca i re 
Gaul to i s 
Northwest Cove 
India n Poi~t 
Northwest Brook 




Pa rtri d geberry 




I-S CLASSIFICATION OF THE GRANITOIDS 
I-Character 
3 
l, 2, 3, 6 
3 
l , 3, 4 
3 
3 
l, 2, 3, 4, 6, 7 





2, 4, 5, 6 
4, 5, 7 
l, 2, 4, 5, 6 
2, 4, 5, 6 
l, 2, 4, 5, 6 
l, 2, 4, 5, 6 
I I' 
4, 5, 6 
5 
4, 5 
l, 2, 3, 4, 5 













Although some plutons like Northwest Brook, Partridgeberry Hills 
and Through Hill show many features in one or other of the two classes, the 
above l ist clearly illustrates that the I-S system cannot be unambiguously 
applied to the Bay D'Espoir granitoids. 
Na 20/K2o ratios ( Fig6.5.) place all of the plutons in the 11 I 11 
category , even though they may have several •s• characters. Similarly, 
all of the plutons are strongly peraluminous (Fig6.6.). It appears 
that al though individual plutons show tendencies towards the 11 1 11 or 11 S11 
category the system does not unambiguously classify them. The assumption 
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from material that was leached of Na and Ca in the crust, with resultant 
rel ative enrichment in Al. This is responsible for the contrast with 'I~ 
type granitoids whose source materials are not considered to have been 
exposed to such chemical weathering. Because chemical weathering is 
ti me dependent, there would be gradations of 'S' character (cf. Chappel, 
1978) . It appears that the Bay D'Espoir granitoids were derived from 
a mixture of lithologies that underwent various degrees of chemical 
weathering, with both mafic (mantle) and felsic (continental) inputs, 
as su ggested by the strontium initial ratios in Chapter 4. 
6.5 Geochemistry of the Northern Granitoids 
6.5.1 Introduction 
In this section, geochemical trends in the five plutons 
assi gned to the Northern Granitoids are examined. Comparisons are drawn 
with si milar granitoids elsewhere. Plots of major elements on AFM, CNK 
and alkali ratio diagrams are considered , along with selected trace 
elemen t plots. Petrogenetic implications are also considered. Since 
the precise composition of the initial melt is often difficult to 
establi sh, the terms "differentiation" and "fractionation" are used 
in thi s section in reference to both crystal-liquid and melt- restite 
relati onships. 
6.5.2 
The AFM diagrams(Fig.6.?) all show a consistent trend towards 
alkali enrichment, typical of calc-alkaline suites (Martin and Piwinski, 
1972 ) . The apparent bimodal plot for the North Bay pluton (15) is due 
FeOt 
14 
Fiq 6.7. AFM diagrams, Northern Granitoids. 
... 







treme concentration of pyroxene,hornblende and biotite in apparently to ex 
la t e marginal facies. The pattern in the North Bay pluton (15) cumu 
corres ponds well with the observed petrographic trend: biotite-hornbl ende 
diorite; hornblende-biotite granodiorite;biotite adamellite;muscovite-
biotite adamellite. Early removal of magnesian hornblende,followed later 
by f ractionation of mainly biotite,could account for the observed trend. 
There i s no apparent trend of variation of Fe:Mg ratio with degree of 
al kalinity within individual plutons. Although this could be accomplished 
in several ways,the simplest explanation is fractionation of ferromagnesian 
phases of fixed intermediate Fe:Mg ra t io. The linear ~rends for different 
plutons project back to different points on the F-M si deline,suggesting 
that the material removed was different for each pluton , supporting the 
contention in Chapter 4 that they were derived from separate source 
material s. Fractionation of biotite is consistent with dec r easing Zr, 
especiall y obvious in the North Bay and Partridgeberry Hills plu t ons (Fig.6.4). 
_6._5_.3 ___ C~a~O~-~Na 2~K2o (CNK) Diagrams 
Some of the CNK diagrams show a similar trend towards alkali 
enrichment e.g. North Bay (15). This is consistent with the early 
crystalli zation of hornblende,sphene,epidote and clinozoisite (Chapter 3), 
and the t rend towards more sodic plagioclase with advancing differentiation. 
Scatter i n the Na 2o: K2o ratio may reflect alkali exchange,especially 
evident in the altered Partridgeberry Hills granite (13). The extremely 
differenti ated nature of the qarnet-muscovite ThrQu h Hill granite (14) 
is reflected in the near absence of CaO. The Matthews Pond 
granodiori te (11) which is petrographically uniform (Chapter 3), shows 
CaO 





Fi g 6.8. CNK diagrams, Northern Granitoids. 
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a clus ter of points, indicating very little differentiation. Like the 
AF diagrams, the CNK plots underscore the individuality of the plutons. 
6.5.4 Na:(Na + K) vs Si02 
Plots of Na:(Na + K) vs Si02 (Fig.6.8) indicate mostly flat linear 
trends, with somewhat different values of Na:(Na + K) for each pluton. 
The Rocky Bottom Tonalite (10) and the less silicic marginal members of 
the North Bay granite plot on a trend away from amphibole, consistent 
with hornbl ende fractionation suggested above. Similar trends have been 
noted in similar granitoids in northeast Newfoundland~ eg. Fredericton 
and Rocky Bay plutons (Strong and Dickson, 1978). The flat Na:(Na + K) 
profiles suggest that if biotite was fractionated, its removal was 
accompanied by a sodic phase like hornblende or sodic plagioclase. This 
will be further examined below, using trace element distributions. As 
in the preceeding diagrams the plutons do not seem to be related by any 
process of fractionation. 
6 · 5 · 5 Trace Element Geochemistry of the Northern Granitoids 
· 6.5.5.1 Introduction 
Within a suite of granitoid rocks major elements may vary only over 
a narrow range, often concealing trends in magmatic differentiation. The 
trace elements, incontrast, may vary quite substantially,often exponentially. 
A knowledge of possible phases involved in differentiation along with 
their trace element behaviour can be used to monitor magmatic evolution. 
From petrographic observation the possible fractionating phases in the Bay 
o~ E . 
spolr granitoids are: hornblende, plagioclase, biotite, K-feldspar, 
96 
and qa rnet . The mineral/melt distribution coefficients for Rb, Sr, and 
Ba a 1 onq with K (Table 6 ~ 3. ) can be used to infer patterns of fractionation. 
Because the trace element concentrations in the Bay D'Espoir granitoids 
tend to spread over a wide range ( e.qFig 6.11 ) only a qualitative 
treatment is attempted. 
TABLE 6.3. 
MINERAL/MELT DISTRIBUTION COEFFICIENTS 
APPLICABLE TO GRANITOID SYSTEMS (AFTER HANSON, 1978) 
II' 
Element Hornblende Plagioclase Biotite K-feldspar 
K 0.081 0. l 0 (5.63) * (l .49)* 
Rb 0.014 0.041 3.26 0.659 
Sr 0.22 4.4 0.120 3.87 
Ba 0.044 0.31 6.36 6.12 
*not strictly a distribution coefficient since K is an essential 







From the above table, it is clear that hornblende and garnet, 
with relatively small distribution coefficients, will not significantly 
affect the concentration of K, Rb, Sr and Ba, unless they are fractionated 
in very l arge proportions. Ratios of K:Rb, Rb:Sr, Sr:Ba etc. are therefore 
considered to be affected mainly by removal of the three phases plagioclase, 
biotite, and K-feldspar. Expected trends during magmatic differentiation 
of a uniform initial composition are shown below. Complications due to 
variable .. . 1n1t1al compositions are not considered. 
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di fferenti ati on ----=-
Fi g.6 . 10. Schemetic Diagrams showing predicted paths of 
differentiation from a uniform initial composition. 
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The diagrams above indicate the following: (l) Fractionation 
of plagioclase, biotite or K feldspar cannot cause an increase in K:Rb; 
fracti onation of K-feldspar, biotite and to a much lesser extent 
plagioc lase can lead to a decrease in K:Rb. (2) Fract i onation of 
plaqioclase and to a lesser extent K-feldspar leads to an increase 
in Rb: Sr, whereas removal of biotite leads to a decrease. (3) Fraction-
ation of biotite and K-feldspar causes an increase in Sr:Ba, whi le 
removal of plagioclase leads to a decrease. 
These predicted trends are compared below with those observed 
in the Northern granitoids. 
6.5 . 5. 2 Rb - Sr 
Plots of Rb vs Sr are shown in Fig.6.1 1; it is evident that 
the Rocky Bottom Tonalite (10) and Matthews Pond granodi orite (11) ha ve 
Rb:Sr rat ios matching average values pu blished for such r ocks (Faure and 
Powell, 1972). In contrast, the North Bay, and more so the Partr i~ge berry 
Hills (13) and Through Hill (14) plutons have Rb:Sr values substantially 
exceeding the average of 0.53 for granite (Faure and Powell, 1972), being 
up to 20 times higher in some samples f or the Partridgeberry Hills pl uton. 
Since th ere are no crustal rocks with such high Rb:Sr ratios, the high 
values ar e considered to have been produced by fractionation and/or 
alteration. As Fig.6{1illustrates the high Rb:Sr values are not produced 
by increasing Rb, but progressive reduction in Sr. This is consistent 
with fractionation of K-feldspar and especially plagioclase, as suggested 
by the Na:(Na + K) ratios. 










0 . 0 
1.0 1.5 log Sr 2.0 2.5 3.0 
Fig . 6.11. Rb-Sr plots, Northern Granitoids. 
Depth esti mates after Condie (1973). The field for each 
pluton is outlined and numbered as above. 
l 00 
St from which various rocks were derived. On this basis the Northern cru 
·toids are inferred to have been derived from a crust about 30 km Gran l 
th ick (Fig.6-ll) corresponding to a pressure of about 8 kbars. With a 
geothermal gradient of about 25° km-l, the temperature at the base of 
0 
such a crust would be about 750 , high enough to generate granitic magma 
(e .g. t~ i nkler, 1974; Fyfe, 1978). Similar plots (Fig.6.17) suggest that 
the southern Granitoids were generated at a depth greater than 30 km 
consistent with their structural setting (Chapter 5). 
6.5.5. 3 K:Rb vs Rb:Sr 
As Fig.6.12and Table 64illustrate, K:Rb ratios fall in the range 
160-350, corresponding to normal crustal abunda nces (Taylor, 1965), 
and comparable with values obtained for similar ~ranitoid rocks in 
northeast Newfoundland (Dickson, 1 97 4) . If Rb: Sr can be taken as an 
index of differentiation, it can be seen tha t K:Rb decreases with 
differen tiation in the Partridqeberry Hills (13), Through Hill (14) and 
lo rth Bay (15) plutons. Such trends could be produced by fractionation 
of biotite, K-feldspar and plagioclase, as suggested by the major element 
Plots and the Rb:Sr plots above. The Matthews Pond and Rocky Bottom 
plutons which show restricted values in Rb:Sr also show a narrower range 
of K:Rb than the more leucocratic plutons, suggesting limited fractionation 
in the former. K Rb 1 h 1 · : reaches its highest va ues in t e most eucocrat1c 
Through Hill pluton, while values for the least leucocratic Rocky Bottom 
Tonalite are among the lo"Jest. Th' · · t t 'th · t' ~ 1s 1s cons1s en w1 prev1ous sugges 1ons 
that th e Northern granitoids are not related by fractionation. 
1 01 
TABLE 6.4 
K:RB RATIOS FOR THE NORTHERN GRANITOIDS 
Pluton 
Through Hill (14 
Partridgeberry Hills (13) 
North Bay (15) 
Matthews Pond (11) 
Rocky Bottom (10) 







As stated above, fractionation of biotite and K-feldspar should 
lead to an increase in Sr:Ba, whereas plagioclase fractionation should 
produce the opposite effect. The relatively narrow range for the Rocky 
Bottom and Matthews Pond plutons is consistent with little or no fraction-
ation as stated above. Applying the distri bution coefficients listed above, 
it may be concluded that the effect of plagioclase fractionation was dominant 
early, whereas biotite and K-feldspar dominated late in the evolution of 
t he Partridgeberry Hills granite (13). The opposite effect may be inferred 
for the North Bay granite (15). No clear trend can be seen in the Through 
Hill grani te (14). The relatively wide range of Sr:Ba over a narrow silica 
range su ggests that the Through Hill pluton may have been affected by deuteric 
metasoma t ic alteration, as suggested by the CNK diagram (Fig.6 .8), and the 
presence of potash feldspar veins (Chapter 3). However, it appears that the 
alteration did not disturb the Rb:Sr system, as indicated by the low 
scatter on the Rb:Sr isochron for the Through Hill pluton (Fig. 4.3). The 
, 
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Fiq6.13. Sr:Ba vs Si 02 , Northern Granitoids. 
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different profiles for the individual plutons once again underscore the 
t nt ion that the Northern granitoids are not related by fractionation. con e 
6.5.6 Summary 
Major and trace element profiles indicate that the Northern 
Granitoids evolved along separate paths~ as suggested by available 
strontium isotope initial ratios. Fractionation appears to have been 
restricted in the Rocky Bottom and Matthews Pond plutons~ being more 
extensive in the other three plutons. The likely fractionating phases 
were biotite~ plagioclase~ - K-feldspar~ and minor hornJ>lende~ in differing 
proportions. 
6.6 Geochemistry of the Southern Granitoids 
6.6.1 Introduction 
In this section~ the six plutons assigned to the Southern Granitoids 
are examined~ using the same parameters employed for the Northern Granitoids 
in section 6.5. The terms "fractionation'' and "differentiation" are 
similarly used to cover both crystal-liquid and melt-restite relations. 
As for the Northern Granitoids the AFM patterns (Fig6.14) for the 
Southern Granitoids follow a calc-alkaline trend (cf. Martin and Piwinski~ 
1972). Plots for the plutons (1-6) form a series of overlapping trends 
towards the alkali apex. The least differentiated hornblende-bearing 
megacrysti c Gaultois granite (2) forms the base~ whereas the most 
differ t · en lated garnet muscovite Dolland Bight granite (6) forms the 
Apex of the trend. Since the Southern Granitoids appear to be of similar 




+ Na20 '------~~--___:~--------~~--------~MgO 
FeO FeO FeO 
K20 
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'te the AFM pattern may be interpreted to imply that the leucogranites granl , 
(3, 5, 6) and possibly the equigranular biotite granites (l, 4) could 
been derived from the meqacrystic granite (2) by fractional have ~ 
crystal lization, although Carmichael et al. (1974) caution against drawing 
geneti c conclusions f rom variation diagrams . A similar relationship 
was inferred for other Gander Zone granitoids in northeast Newfoundland 
(Jayasi nghe, 1979). The straight trends away from the FM sideline may 
be expl ained by fractionation of ferromagnesian phases of fixed intermediate 
Fe: Mg ratio. The most likely ferromagnesian phases fracti onated are 
biotite and hornblende as suggested in Chapter 3. Biotite and zircon 
~ 
fraction ation is indicated by an inverse relation between Zr and Si02 
(Fi g.6. 4). The AFM plots appear to reflect an evolutionary series _ 
corresponding with the observed petrographic lineage (Chaper 3) hornblende-
biotite diorite (2); biotite granodiorite-adamellite (l, 2, 4); (bi otite) 
muscovite adamel lite (3, 5, 6). Although the Southern Granitoids appear 
superfici ally to be related by fractional crystallization, this relation-
ship is not unequivocal, and is further examined below. 
6.6.3 Ca0-Na 20-K20 (CNK) Diagrams 
The patterns in these diagrams scatter quite considerably, ( Fig.6. 15.) 
indicati ng probable sub-solidus alkali exchange, especially in samples 
from th e deformed plutons (2, 3, 4, 5, 6) which have been at least slightl y 
altered (Chapter 3). However it is clear that the least differentiated 
Gaultoi s granite is significantly more calcic than all the others, while the 
more di fferentiated granites (3, 4, 5, 6) overlap along the NK sideline, 
su pporting the suggestion above that they could have been derived from the 
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Unlike those for the Northern Granitoids, the trends in the 
Na: (Na + K) diagrams for the Southern Granitoids are less regular. They 
do not project away from either hornblende or biotite. From Fig. 6. 9 
it is cl ear that fractionation of hornblende or plagioclase would produce 
a downward trend, whereas fractionation of biotite leads to an upward 
trend. Although the undulating patterns may be attributed to alterat i on, 
fraction ation of hornblende, plagioclase and biotite in various proportions 
could produce the same results. From field and pe t rograph i c evidence 
(Chapters 2, 3) the Gaultois pluton (2) appears to h~ye fractionated 
biotite, hornblende and plagioclase in varying proportions. Therefore, 
the patterns on the Na: (Na + K) di agrams are consistent with derivati on 
of the Southern Granitoids by fractional crystallization. 
6.6.5 Trace Element Geochemis t ry of the Southern Grani t oids 
6.6. 5.1 Introduction 
Trace element behaviou r in the Southern Granitoids is examined in the 
same way as for the Northern Granitoids with reference to Fig.6.10 . As stated 
in secti on 6.5.5.1 the distribution coefficients for hornblende and garnet 
with res pect to K, Rb, Sr, and Ba are too small to significantly affect 
the fract ionation profile. Therefore, the study focuses on plagioclase, 
biotite and K-feldspar, the other major crystallizing phases in the Southern 
Granitoids. 
§.:6.5.2 Rb-Sr 
Two groupings are evident from Fig~6.17. The biotite (!hornblende) 
qranitoid s (l, 2, 4) have normal crustal Rb:Sr ratios (Faure and Powell, 












1.5 2.0 .0 
1 og Sr 
Rb-Sr plots, Southern Granitoids. 
Depth estimates after Condie (1973). 
The field for each pluton is outlined and numbered as above. 
lll 
t ntially higher values exceeding 10 in the Dolland Bight (6)' and subs a 
C Plutons Moreover, the Northwest Cove (3) and Northwest orthwest ove . 
(5) lie on a smooth trend away from the megacrystic Gaultois granite Brook 
) such a systematic pattern due to decreasing strontium at nearly ( 2 . 
constant Ru~dium, is attributed mainly to plagioclase fractionation 
( · 6 10 Removal of K-feldspar which is a phenocryst phase at least F1 g . . • 
locally in most of the Southern Granitoids (Chapter 2) may have also 
played a role. The Dolland Bight granite (6) lies slightly off the trend, 
indicati ng that it may have evolved along a separate lineage, probably 
as a separate melt. This theory can be tested by mea~s of rare earth and 
additional strontium isotope studies. 
Using the method of Condie (1973), the Dolland Bight granite like 
the Northern Granitoids is estimated to have been generated at a depth of 
30 km (8 kbars). The estimate for the ot her five Southern Granitoids is 
40 km (10 kbars). 
6.6.5.3 K;Rb vs Rb:Sr 
As can be seen from Fig . 6.18 and Table 6·5 K:Rb ratios for the 
Southern Granitoids fall in the range 110-260, somewhat lower than t hose f or 
Northern Granitoids, but still within normal crustal abundances (Taylor, 
l965). Scatter among the leucogranites (3, 5, 6) makes interpretation 
difficult . However, the distinction between trends in the biotite granites 
(l, 2, 4 ) and the leucogranites (3, 5, 6) is clear. Whereas K:Rb tends 
to decrease with increasing Rb:Sr in the leucogranites, K:Rb decreases at 
nearly co nstant Rb:Sr in the biotite granites. Although alteration may have 
Played a role ,from the distribution coefficients in Table6.3, the contrasting 
trends 
can be explained as follows. Removal of biotite and plagioclase 
112 
ho rnblende) from the biotite granites (as observed in the field) in (and 
such proportions as to maintain a near constant Rb:Sr ratio. Fractionation 
of biotite, plagioclase and K-feldspar in various proportions could account 
for the scattered pattern in the leucogranites. The plots of K:Rb vs Rb:Sr, 
although suggesting fractionation of phases indicated above, do not clearly 
relate the Southern Granitoids by fractionation . 
TABLE 6 . 5 
K:Rb RATIOS SOUTHERN GRANITOI DS 
Pluton 
Pi ccaire 
Gaul tois Granite 
Northwest Cove 
Indi an Point 
Northwest Brook 
Do 11 and B i g h t 









From Fig 6.19,it can be deduced that fractionation of plagiocl ase 
should lead to a decrease in Sr:Ba, whereas removal of biotite and K-feldspar 
should produce an increase. A combination of plagioclase and biotite ~ 
K-felds par would produce flat or irregular trends as seen in Fig.6.1Q. 
Althou gh t hese trends could have been produced by alteration, this is 
consider ed unlikely because of the smooth linear patterns in the Rb:Sr 
Plots (Fi g.6.17). It is not possible to deduce relationships among the 
gr . 
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The Southern Granitoids appear to have been generated avera shor t 
perio d Of ti me in early Carboni ferous.F i eld ,petroqraphic and major element 
chemistry suggest that the leucogranites were derived from the megacrystic 
Gaultoi s granite. Trace element profiles suggest that biotite, plagioclase, 
K-felds par (and hornblende) were fractionated in various proportions. 
Further studies (e.g. rare earth, strontium isotope) are required to 
firmly establish whether the Southern Granitoids are related by fractionation. 
6. 7 The 'Straddling' Granite 
The 'Straddling ' granite has been descri bed in detail by previous 
workers (O'Driscoll, 1977; Blackwood and O'Driscoll, 1976; O'Dri s coll and 
Strong, 1979) . As s hewn i n· Fi g6 . 20 the 'S t r addli ng' grani te as defined l i es 
astride t he Gander-Avalon Zone boundary, and is cut by the He rmitage Bay 
fault. O'Driscoll and Strong (1979) described the straddli ng granite as 
follows: "medium-grained, pink t o grey alaskite; hornblende-biotite granite 
and granodiorite; fine grained pink to purple felsite". They also state 
"Possibly some of the rocks mapped as Straddling Granite are actually 
Harbour Br eton Granite." (op . cit. p . 27) 
The portion of the 'Straddling' granite northwest of the fault 
falls in t he present study ar ea . It was therefore decided to compare the 
granite on either side of the fault. Northwest of the fault, the granite 
is a medium grained biotite adamellite, with minor gra nodiorite, in 
contrast to the varieties described by 0 1'Driscoll and Strong (1979). Samples 
were taken from both sides of the fault and compared with those obtained 
by O'Driscoll and Strong (1979). The data are presented diagrammatically 
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Fig. 6.20. Generalized geologic map of the Hermitage - Belle Bay area 
(O'Driscoll and Strong ,1979) .The 11 Straddling Granite"(6,stippled)lies 
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Fig 6.21. Variation diagra~s showing geochemical differences between 
Indian Point pluton,within the Gander Zone (G) and 11 Hardy's 
Cove Comrlex11 ,within the Avalon Zone(crosses and large dots). 






Fig. 6.22. Massive Alaskite,part of "Hardy's Cove Complex". 
Highway 360., Bay D • Es poi r. 
Fi g . 6.23. Euhedral quartz in porphyry ,"Hardy's Cove Complex" 
( xlO,' x nicols).This porphyry and the alaskite above 
are facies that do not occur in the'Indian Point' 
granite. 
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in Fi g 6.21. 
As the foregoing diagrams illustrate those samples taken 
orthwest of the fault (Gander Zone) form a coherent grouping~ and appear 
to be a petrographic as well as a geochemical unit, in spite of some 
alterati on. Samples taken southeast of ~the fault (Avalon Zone) tend 
to be more scattered, in keeping with their petrographic heterogeneity 
(O 'Dris coll and Strong~ 1979). Their Si02 values tend to be higher, whereas 
Al 2o3, CaO, MgO, Ti02 ~ Rb and Sr tend to be significantly lower th an those 
f rom northwest of the Hermitage Bay fault. 
It appears that the Straddling granite as defined by O'Driscoll 
(1977) i s not a single pluton, but a complex of gran i toid facies. It is 
therefore proposed to discontinue use of the name 'Straddling Granite'. 
For the po r tion northwest of the fault, the name 'Indian Point Granite' 
is proposed, since this appears to be a si ngle plutonic unit. For the 
remainder southeast of the fault, the name 'Hardy's Cove Complex' i s 
proposed while the relations between the various facies await further 
i nves ti ga t i on. (See Figs. 6. 20 to 6. 23) . 
6.8 Petrogenesis 
6.8 .1 Int roduction 
Any petrogenetic scheme proposed for the granitoids of Bay D'Espoir 
must take i nto account among other factors, the following: (l) Possible 
source ma terials (2) Temperature, pressure, and the role of fluids 
(3) Possib le heat sources. These factors are discussed below with respect 
to the t t · . . . ec on1c sett1ng of the gran1to1ds. 
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8 2 Possible Source Materials ~
Most granitoid plutons throughout the world occur in continental 
areas (Carmichael et al; 1974), leading to the conclusion among many 
geologi sts that granitic plutons are the products of crustal melting 
(Brown and Fyfe, 1970; White and Chappel, 1977; Pitcher, 1979). The case 
for a mantle origin has also been argued (Kistler et al; 1971; Brown and 
Hennessy, 1978) . In the light of Plate Tee tonic Theory, it has been proposed 
that gr anitoid rocks can be produced by melting of subducted lithosphere, 
the mantle, or 1 ower crust (Hyll i e, 1977). Using geochemi ca 1 evidence, 
Strong and Dickson (1978) observed th at the granitoid r.~cks of northeastern 
Newfoundl and faithfully reflect the na ture of the crust underlying the 
tectonic zone in which they occur. The Botwood Zone, which should include 
most of t he Northern Granitoi ds was inferred to represent a more oceanward 
tectoni c domain than the Gander Zone (old definition, Williams et .£]__. ,1974). 
Thus the granitoids were shown to display a systematic K20 increase from 
northwest to southeast, reflecting a progressively greater continental 
input in to the source material, as suggested for the Sierra Nevada and other 
Cordill er an plutonic regions (e.g. Bateman and Dodge, 1970). Such a 
systemati c trend is not observed among the Bay D'Espoir granitoids. Some 
of the hi ghest values of K2o are recorded in the northernmost of the plutons 
(Through Hill). The strontium isotope initial ratios (Chaper 5) fail to 
show a sys tematic increase from northwest to southeast, the highest ratio 
being recor ded in the Through Hill granite. Thus although the Newfoundland 
Ap palachi ans may show a K2o polarity on a gross scale (Strong and Dickson, 
1978), t hi s may not be so in detail. As stated in Chaper 5, it seems that 
the rocks which were melted to produce the Bay D'Espoir granitoids had 
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. t from both continental and oceanic (mantle) sources. The variety of 1n pu 
lithol ogies in the presently exposed crust (Colman-Sadd 1980) attest to 
this suggestion. Crust of this nature where mafic and ultramaf i c bodies 
are jux taposed with sediments of both island arc and continental origin 
is con sistent with the model which interprets the area to represent a 
back-arc basin that was subjected to compres s ion duri ng t he Taco nic-Acadian 
orogenic regime (Stevens et al; 1974; Colman- Sadd, 1980) (Fig.l.4). 
Si milar settings of various commingled lithologies in several ma rgina l 
basins have been recorded in the modern Pacific Ocean (Packham and 
Falvey, 1971). 
6.8.3 Temperature, Pressure and . the Role of Fluids · 
The association of granitic rocks with high gr ade metamorphic 
terranes is a common feature of continental areas (Mehnert, 1968; 
Winkler , 1974). However, without significant heating during ascent 
(e.g. exo thermic reactions, adiabatic rise), water-saturated melts would 
freeze as they begin to rise and th us have little chance of reaching the 
surface (Burnham, 1967; Brown and Fyfe, 1970). Most pl ut on s presently 
exposed are therefore consi dered to have been produced from fluid -
undersatu rated melts, the fluid being mainly water from the breakdown of 
muscovite, biotite, and hornblende. Other fluids of lesser importance are 
C02' H2 S' HCl , HF and H2 (Burnham, 1967; Burnham, 1 979). Un dersaturated 
melts wou ld have been formed at higher temperatures than those for 
saturated melts, reaching up to 900°C (Brown and Fyfe, 1970). Such 
melts coul d ascend to high levels in the crust before becoming fluid-
saturated (by removal of anhydrous phases), and crystallize. 
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The depth at which the Northern Granitoids were generated has 
estimated to be about 30 km (8 kbars), whereas the depth for the been 
southern Granitoids is estimated to be abo ut 40 km (10 kb) - see .Fig.6.11 
These relative values are consistent with the field setting of the Bay 
D' Espoir granitoids (Chapter 2). The Northern Granitoids are discordant 
high l evel intrusions, whereas the Southern Granitoids are concordant 
plutons intrusive into, and locall y gradationa l with gneisses and 
migmatites. 
Fi g6.24(Burnham, 1979; St rong, 1980) summarizes P-T conditions 
of melti ng and crystallization pertinent to granitoid '"rocks. The 
followin g features may be noted: (l) Solid i for granite, tonalite, and 
amphiboli te converge at high pressures, permitting formation of melts 
from a wide spectrum of source rocks over a narrow temperature range. 
Granitoi ds of contrasting geochemical characters can be gener a ted under 
similar conditions of temperature and press ure. (2) Muscov i te crystallization 
require s higher water activity than biotite or hornblende; t hi s is consistent 
with mus covite granites being first formed (minimum) melts, or l a te stage 
different i ates from biot i te/hornblende granitic melts. (3) Muscovite is 
not a stable liquidus phase below 4 kbars pres sure. However, any 
si ·f · 3+ gm 1cant celadonite [K(~1g, Fe) (Al, Fe ) Si 4o10 (0H) 2J component in 
muscovite tends to expand the stability range to lower pressures and higher 
temperatures (Anderson et al., 1980). (4) It appears that frictional 
heating can cause significant increase in the local geothermal gradient, 
SUff" · lCl ent to produce partial melting, although Strong (1980) cautions 
t hat the process tends to be lf · lt f 1 b · t• se -arrest1ng as a resu o u r1ca 1on 
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Fi q. 6. 24a Pre~'ure-tcmpcrature pwjection of some melting aml reaction relations 
r.: kv .rnt 111 the g.:m.:'i' l'f graniwiJ roc k '>. The .,oJiJ line<, lahcllcd "g•anttc ' ', " tonalite · ·. anJ 
··.unpl llhlllit.:· · a1 e the 'ol1di nf thc,c n>lllfll''itlon' ;1 <; ... hown hy \Vyllie ( 1977). The 'tr:ri •ht line . 
l. thcl kd 1110. etc . . arc !!l'(lthcllll'i howing th.:'c ra tc'i of tcmper:rlure ch:u1ge per k ilollldle 
tkpth . l ire 'lllld and J.t ... heJ line' l:thellcJ ~ 1 u. Bi anJ ll h arc liquidu' and 'io liJII 'i curv e'i 
r c ,rn.ttvl· l~ fur e.rch of the miner:do.; mu ... covitc. hiot1tc aml hl1rnhlendc. a' 'hown hy Burnh:rm 
( 1'1 'J J. I he :rltlllllno-.rll c: lle triple point anJ reaction crr.-·co.; (JLlttcJ line') a rc from Rich a rJ'ion 
,., ul . I I'U•'JI I he perturhation of the 30" km 1 geothcrm i-; the 100~ • tcmpcraturc incrcao;e 
:tllo'-' cd hy fn ct1nn;rl heating a'i cakul;rted hy Re itan ( 196H) , hut note that any melting woulJ 
rc ult 1n l11hr1crtion and con,cqllcntly limit the e~tent of -;uch temperature increa'ie. The num-
h.: r ' 111 hl.rd .. t·t., lin '<llidi anJ liquidi arc the :rppn1ximate minimum anHHIIII'i of water (wtr~) 
prc ... t: n t in ·"'Y melt in .:qurlrh11um v.1th thc'c ph:r<;co;, over the infer al where they are straight. 
· • ~ c.tlud.rtl"ll h IJurnh :rm ( 1971)). The w :rtcr content<; change significantly with p rc~!>urc ove r 
the Inte rval' '-'hc1e thc'>e lines arc curvcJ (cf. W ylli e. 1977) . 
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Fi q.6.24b Pressure-temperature projection showing estimated P-T conditions 
under which the Bay D'Espoir granitoids crystallized. 
A--hornblende-bearing granitoids. B--biotite-bearing granitoids. 
C--muscovite-bearing granitoids. Heavy line G-W is the water-
saturated granite solidus. The heavy line G-V is a possible 
granite solidus where the melt is saturated with volatiles such 
as B,F, ·Cl ,etc.,in addition to water.The dashed line Mu-Ce 
is the stabil ity curve for celadonitic muscovite. Note that 
celadonitic muscovite is stable at low pressures,especially on 
the "volatile-saturated" curve G-V. Dotted curves as in Fig.6.24a. 
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1069 ) lies close to the granite solidus,indicatinq that crustal rocks heated 
to temperatures just above sillimanite grade can begin melting to produce 
qranite,althouqh a rather high geothermal gradient would be required. These 
are examined below with respect to the Bay o•Espoir granitoids. points 
Assuming that the pressure estimates of 8-10 kbars made earlier are 
correct,minimum temperatures of melting for the Bay o•Espoir granitoids 
can be deduced from Fig. 6.24b. The amphibole bearing granitoi ds,Gaultois 
(2) , Rocky Bottom (10) and North Bay (15) reached a temperature of at least 
gsooc. The biotite bearing granitoids,Piccaire (!),Northwest Cove (3),Indian 
Point (4) .Northwest Brook (5) ,Matthews Pond (11) ,and Partridgeberry Hills (13) 
would have reached a temperature of at least 900°C. T~e minimum for the 
muscovite qranites Dolland Bight (6) and Throuqh Hill (14) is about 700°C. 
Illustrative examples from individual plutons are discussed below. 
Five of the eleven plutons studied have crystallized apparently 
primary muscovite. Electron microprobe analyses (Appendix 3) of white mica 
from the Throuqh Hill pluton revealed that the mica is 90% muscovite 
Ml 3Si 3o10 (0H) 2 , with 5.0 to 6.5% celadonite. This suggests that there is 
some uncertainty in using muscovite as a geobarometer. Garnet occurs at leas t 
locally in six of the plutons. Green (1976,1977) suggested that garnet 
would not be a liquidus phase below 7 kbars unless it had a substantial Mn 
content,and that Mg:Fe is lower in garnet than in the coexisting melt if 
crystallization occurred below 950°C. Electron microprobe analyses of 
garnets from the Through Hill pluton (Appendix 3) shows the garnets to 
be of about 18% spessartine content,indicating that they cannot be used to 
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constraints on pressure of crystallization. It has also been place 
ed t hat garnets in granites are a natural product of differentiation argu 
and do not require high pressures for crystallization (Cawthorn and Brown, 
1976 ) . The garnets have MgO:FeO about 0.06, which compares with 0.2 for 
the who le rock analyses from the Through Hi ll pluton. Using the results of 
Green (1977), it may be inferred that the Through Hill pluton crystallized 
at tempe ratures less than 950°C, consistent with the estimate made above. 
Metamorphic aureoles around the Northern Granitoids reach up to 
silli man ite grade, although regional metamorphism is often as low as 
greenschi st grade (e.g. Colman-Sadd, 1981). This sugg€s t s t hat t he Northern 
Granitoids reached the surface before much of the i r heat was di ssipated. 
The Partr idgeberry Hills pluton, estima t ed above to have started crystal-
lization at about 900°C, 8 kbars, bears petrographic evidence suggesting 
conti nued crystallization at lower press ures. Primary anda lus i te appears 
to have crystallized with K-fel dspar. The assemblage K-feldspar + andalusite 
+ melt i s stabl e at pressures less than 4 kbars, and temperatures of 675-800°C 
(Miyashiro, 1973; McKenzie, 1974). If these estimates are correct, it can 
be concl uded that the pluton reached a high level in the crust before 
losing much of its heat, probably by rapid ascent. 
~4 Possible Heat Sources 
As stated above, the settin9, chemistry and isotopic signatures 
of the Bay o•Espoir granitoids fit the model of intrusion into a Paleozoic 
back arc basin. In this context, a number of possible heat sources may be 
envisag d h. e , w 1ch are partly interrelated: (1) Abnormally high geothermal 
Qradi ents . th. Wl 1n the back arc basin due to mantle convection as theorized 
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by Andrews and Sleep (1974). (2) Injection of mantle-derived mafic magma 
into the crust at sufficiently high temperatures to cause fusion (Wyllie, 
1977 ). (3) Frictional heat (Reitan, l968a, l968b; McKenzie and Brune, 1972) 
(4) cr ustal thickening (Strong, 1977; Pitcher, 1979) . 
If the model of easterly subduction and east-west compression is 
accepted for the Taconic-Acadian development of the Appalachian orogen, it 
is pos sible to envisage interaction between a lithospheric slab and the 
underly ing mantle . The temperature contrast and relative motion could 
genera t e convection cells leading to abnormally high temperatures within 
the lower crust (c . f Andrews and Sleep, 1974). Mafic~ magma was also 
injected into the lower crust (Strong, 1977; Colman-Sadd 1980a). Examples 
of suc h magma injection are widespread . in the study area . Mafic volcanics 
occur within the Bay D'Espoir group (Colman-Sadd, 198Gb). Mafic and 
ultramafic bodies several square kilometers in area appear faulted against 
rocks i ntr uded by the Partridgeberry Hi lls and Through Hill plutons 
(Col man- Sadd, 1980a). The Round Pond pluton consists partly of olivine norite. 
afic dikes cut the Little Passage gneisses, the Gaultois granite (Colman-
Sadd, 1978) and the Through Hill granite ( s ee Chapter 2). This 
evidence suggests that mafic and ultra~afic magmas from the mantle were 
being in jected into the crust before, during, and after emplacement of 
t he gran itoids. These mafic-ultramafic magmas are therefore regarded as 
the pri ncipal source of heat which caused partial melting of the crust in 
Siluri an- Carboniferous time. Similar mechanisms have been suggested by 
others for granitoid genesis in the Appalachian orogen and elsewhere 
(Presnal l and Bateman, 1973; Jayasinghe, 1979; Fyffe et al ; 1980, Wanes, 
1980 ) . I t has been pointed out by Wanes (1980) that whereas basaltic 
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S erupt to the surface during periods of crustal expansion, they magma 
are likely to be trapped beneath the crust during compression, where they 
provide heat for crustal fusion. This may partly explain why basaltic 
rocks are not exposed in greater abundance in the Bay D'Espoir area. 
In the context of the model of crustal compression outlined above, 
it is likely that heat of fri~ction, caused by shearing, did contribute 
to the total heat budget. Although, as illustrated in Fig.6.24a, the local 
geotherm might be sufficiently raised by frictional heating to intersect 
the granite solidus, producing melt, lubrication by the first formed melt 
would tend to arrest the process (Strong, 1980). Henee frictional heating 
would have been a secondary contributor to the heat flux. The Southern 
Granitoids, whose generation is considered to have been accompanied by 
major movement along the Hermitage Bay and associated faults, are thought 
to have derived much of their heat by friction. Repeated shea~ing within 
fault zones is considered capable of generating significant quantities 
of granitoid rock, as described for the leucogranites of Southern Brittany 
(Strong and Hanmer, 1981 ) . 
Pitcher (1979), in a major review of granitoid plutonism, observed 
that irrespective of their tectonic setting,generation of granitoids is 
commonly associated with crustal thickening. vJhether a thickened crust 
can produce melts without heat input from the mantle has been contested 
(e.g. Brown and Hennessy, 1978), but this phenomenon is regarded as 
a contributor to granitoid plutonism in the Bay D' Espoir area and other 
Parts of the Appalachian orogen (Strong, 1977; Colman-Sadd, 1980). 
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6.9 summary 
- The Bay D'Espoir granitoi ds are a calc-alkaline suite intruded 
in two pulses of magmatism . ~-1ajor element and trace element chemistry 
and strontium isotope ratios suggest that the Silurian No r thern Granitoids 
were generated from separate magma batches, and are not related by any 
proces s of fractionation. Although the early Carboniferous South ern 
Granito ids appear to be related by fractionation al ong a common magmatic 
lineage , further studies (e.g . strontium isotope and rare earth) are 
needed to support this contention. The principal fractionating phases 
were bi otite, plagioclase , K-fel dspar and hornblende tn vari ous 
proport ions. The Bay D'Espoir granitoids appear to have been generated 
by parti al melting in the lower crust with i n a back- arc basi n . The most 
likely heat sources were maf i c- ultramafic magmas which were repeatedly 
injected into the crust from the mantle. Crustal thi ckeni ng and 
friction al heatingmay have pl ayed a s ubord i nate role. The 'Straddli ng' 
granite on the Gander zone side of the Herm i tage Bay fault is geochemically 
very different from its counterpart on the Avalon Zone side. Ra di ome t r i c 
dates and field relations suggest the "Stradd ling granite" consists of 





In this chapter, the economic potential of the Bay D' Espoir 
grani toids is summarized. For a fuller treatment, including the economic 
geol ogy of the entire South-Central Newfoundland area, the reader is 
referred to Colman-Sadd and Swinden (in press) . This study included 
analys es for economically valuable elements Be, Li, M~, Cu, Pb, Zn and U. 
No area s of anomalous rare metal concentration have been identified either 
f rom t his study or from stream sediment sampling (Butler and Davenport, 
1978 ) . Scintillometer readings taken randomly over the Partridgeberry 
Hills , Through Hill and Northwest Brook plutons produced total radioactivity 
counts of less than 250 cps. In spite of these apparently negative 
resu lts, it should be emphasized that present studies are only preliminary . 
Some of the plutons may be singled out for future consideration as 
discus sed below. Tables and diagrams are taken from Colman-Sadd and 
Swinden (in press) . 
Several attempts have been recently made to classify granitoid 
roc ks with respect to their economic potential (Tauson and Kozlov, 1972); 
Tischendorf, 1977; Strong, 1980). The following plutons correspond with 
Strong•s (1980) Suite 3 leucogranites, which are usually associated with 
economi c mineralization e .g. uranium, tin, tungsten and beryllium: Northwest 
Cove (3) 
, Northwest Brook (5), Dolland Bight (6) , Through Hill (14), and 
some p t 
ar s of the North Bay granite. These are high silica ~75% ) muscovite-
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bearing plutons, and are therefore the most likely candidates for rare 
elemen t concentration. The Partridgeberry Hills pluton is a large 
(250 km2) high level intrusive, which has suffered extensive hydrothermal 
alterat ion, (chlorite-sericite) a favourable indication of potential for 
uranium and porphyry type mineralization (c.f. Henley and t~cNabb, 1978; 
Strong, 1980). It should be noted that the chlorite-sericite alteration 
assembl age so common in the Partridgeberry Hills pl ut on usually occurs 
in a zone removed from the main ore-bearing areas in a porphyry copper 
deposit (Henley and McNabb, 1978). Therefore closer examination of the 
Partridgeberry Hills pluton to better identify variou~ zones of alteration 
(e.g. phyllic, argillic, potassic)miaht help in isol a ti ng possible 
economic mineralization. 
7.2 Tauson-Kozlov Criteria 
Tauson and Kozlov (1972) iden t ified five main t ypes of granitoid 
rocks . They noted that "palingenic" granites, formed by complete remelting 
of metamorphic rocks, may differentiate to form "plumas itic" granites, 
often associated with tin mineralization. Table7-l .compares the Bay D'Espoir 
granitoi ds with Tauson - Kozlov parameters. The Bay D'Espoir granitoids 
do not fi t closely with either "palingenic'' or plumasitic" granitoids, 
but the following affinities may be noted. The Piccaire, Gaultois, Indian 
Point,North Bay (biotite) and Partridgeberry Hills (low si l ica) plutons 
partly r esemble "palingenic" granites, whereas the Northwest Cove, 
orthwest Brook and Dolland Bight have "plumasitic" affinities. F, Rb, 
and Zr are anomalously low in these plutons. The tungsten -bearing Grey 
R" lVer leucogranite which outcrops just west of Bay D'Espoir and the 
TABLE 7-1 
COMPARISON OF TilE AVERAGE COMPOSITION OF SOUTH-CENTRAL NEWfOUNOLANO 
GRANITOIDS WITH PALINGENIC AND PLUMASITIC GRANITES, AFTER TAUSON ANO KOZL0V, (1972) 
% % 
Name K Na F Li Rb Be Sr Ba 
Pa7ingenic Granites 3.3 2.9 600 36 140 3.5 300 750 
Tauson & Kos 1 ov 
(19 72 ·' 
Plumasitic 4.0 2.8 3000 97 400 6.8 100 200 
leucogranite, 









Through Hill 3. 77 3. 02 137 15 128 3. 3 63 141 1 . 09 
Northwest Brook 3.77 2.66 596 100 237 7 146 451 52 
Northwest Cove 4.00 2.71 691 121 281 8 101 354 52 
Partridgeberry Hills 3.37 2.92 555 31 154 3 118 589 42 
(low silica phase) 
Partridgeberry Hills 3.64 2.55 409 22 208 3 41 163 
(high silica phase) 
North Bay 
(l mica)(biotite) 









3.25 2.82 523 54 142 4 336 742 
3.39 3.26 327 38 159 5 224 517 
3.77 3.03 286 48 190 6 34 176 
2.08 2.65 322 45 90 3.2 286 438 
3 .07 2.43 521 50 149 3.7 223 560 
3. 9 3 . l 640 







2.93 3.16 622 63 158 5.3 434 657 
4.08 2.79 .3 170 N.D. 161 350 











Pb Zr Nb K/Na K/Rb Ba/Rb Li/K F/Li Li/In 
25 200 20 1 .1 240 5. 3 1 .1 16 . B 
30 260 22.6 1.4 100 .05 2.4 31 1.7 
23 136 12.8 1.17 202 3.45 1.49 10.66 .99 
43 30 9.3 1.25 295 1.10 .40 9.13 13.76 
28 119 l3. 5 l . 57 169 2-24 2. 81 6 .4 5 2. 02 
28 116 15 l . 51 16 5 l . 71 3 . 38 7 . 08 2. 2 
24 209 18 1.59 221 3.95 1.04 19.1 8 .87 
22 79 14 1.51 188 1.37 1.45 19.70 2.66 
21 174 9. 27 1 . 15 224 5.08 1.71 10.78 1.04 
27 109 9.3 1.04 207 3.52 1.33 8.74 1.15 
41 48 14.5 1.27 205 1.01 1.31 6.72 1.34 
16 121 8.6 .78 231 4.86 2.16 7.16 .88 















4.80 3.07 10.6 1.34 
.92 183 4.16 2.17 9.87 1.16 





Throu gh Hill granite show no obvious affinity to either "palingenic" or 
"plumasi tic" granites. 
3 Ti schendorf Criteria 7. 
Tischendorf (1977) listed a number of criteria by which 
"metall ogenetically specialized" granites and their r•p r ecursor 11 may be 
identifi ed . He noted that 1'metall ogenet i cally specialized" granitoids 
are characterized by higher Si02 and K20, and lower Ti0 2, Fe2o3 , MgO 
and CaO relative to normal granites . They are also enriched in F, Rb, 
Li, Sn, Be, W, Mo, B, Nb, Ta, Cs, U, Th and rare eart~" elements; Ni, Cr, 
Co, V, Sr , and Ba are depleted . Selected oxi des _ and t ra ce elemen ts - ~~e 
listed i n Table 7·2, comparing the Bay D'Espoir granitoids with Ti schendorf's 
11 Specialized 11 and "precursor 11 grani tes . 
Using Tischendorf's criteri a , the Northwest Cove, Northwest Brook, 
Dolland Bight, Through Hill and more differentiated parts of the 
Partridgeberry Hills and North Bay plutons are favourable candidates for 
minerali zation, especially from their major element profiles. Outstanding 
among th em is the Northwest Cove granite . By the same criteria, the 
Piccaire, Gaultois and Matthews Pond plutons are distinctly unfavourable . 
This cl assification conforms approximately with Suite 3 (mineralized) 
and Suite 2 (barren) of Strong (1980) . 
Z..: 4 Kohl er-Raatz Indices 
Koh ler-Raatz indices (Sattran and Klominsky, 1970; Hesp and Rigby, 
1974 ) are a measure of how differentiated a granitoid composition is in terms 
of quartz, alkali-feldspar and ferromagnesian minerals. The plots in Fig. 7.1 
Tab1e 7-2 Com ·arisen cf!cuth-c1ntr:!l Newfoundland grar.'toid~ ··,: th "~pecializcd' ' and "p~ecursor" 
Gran[tes of Tischei1dorff ( 1977) (Oxides [n %; t:accs in ppm) 
Nama 















"Precursors'' 71.52- 13.55- 0.31- 0.88- 0.09- 0.7- 2.72- 4.39- 0.13- 0-
73.88 14.61 0.65 1.82 0.81 1.38 3.72 5.29 0.35 0.31 
Straddling 71.8 14.55 0.73 1.27 0.83 1.55 3.76 4.01 0.28 0.05 
Through Hill 74.9 14.75 0.01 0.51 0.12 0.60 4.09 4.55 0.04 0.1 
Northwest Brook 72.6 14.75 0.39 1.3 0.63 1.36 3.59 4.54 0.26 0.05 
Northwest Cove 73.1 14.21 0.34 1.2 0.52 0.99 3.67 4.82 0.21 0.05 
Partridgeberry Hills (low :ll lca 69.5 14.69 0.54 3.10 1.43 1.4 2.92 4.06 0.65 0.06 
phase) 
Partridge berry Hill s (high 75.0 13.71 0.23 1.21 0.5 0.47 3.45 4.38 0.19 0.03 
silica phase) · 
North Bay (t,jo.) 69.07 15.29 0.31 2.19 1.08 2.22 3.81 3.91 0.41 
North Bay 2 mica) 72.98 14.99 0.11 1.05 0.41 1.25 4.41 4.09 0.18 
Oolland Bight 74.4 14.33 0.14 0.77 0.33 0.78 4.09 4.54 0.11 0.0~ 
Matthews Pond 68.5 16.1 g 0.41 1.95 1.31 3.42 3.58 2.5 0.39 0.06 
Missing Island 66.1 15.75 0.52 3.12 2.16 3.69 3.29 3.7 0.64 O.Oll 
Middle Ridge 72.04 14.43 0.65 0.64 4.24 4.08 0.16 0.07 
Gaultois 63.0 16.37 1.10 4.05 2. 71 3.54 3.24 3.77 0.90 0., 1 
Piccai re 69.5 16.51 0.51 1.72 0.99 2.44 4.25 3.50 0.43 0.04 
Grey River leucogranites 74.71 14.13 0.66 0.19 1.01 3.77 4.91 0.05 0.02 
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Fig ·7 ·.1. Koh ler- Raa tz indices 
gran itoids . Dashed s~ u are indicates the field of fa vourab le 
tin granites of the 8ohe~ian Massif after Sattran and 
Klo r.1 insky (1970).Solid trarezoid outlines the favourable field 
for tin gra nites of Eastern Austra lia after Hesp and Rigby 
(1977) . Qz= silicon in ~uartz ; F=sodium onci ro tassium in feidspar. -· 











CaO+MgO Na 20+K20 +FeO + Al203 
K K K K K K 
Fe Fe Fe Fe Fe Fe 
River 
F. 19.7.2. Comparison of major element geochemistry of selected South-Central 
Newfoundland granitoids with those of Eastern Australia. Dashed 
lines indicate favourable fields for tin-bearing granites 
outlined by Juniper and Kleeman(l979).Numbers used to denote 
Plutons as in Chapter 6. 
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shoW f i elds for granitoids with tin bearing potential, as described by 
sattra n and Klominsky (1970) and Hesp and Rigby, (1974) . The leuco-
granites and the more differentiated members of the Partridgeberry Hills 
and orth Bay plutons plot mostly in the favourable domain, consistent 
with su ggestions from Tauson-Kozl ov and Ti schendorf criteria. The Indian 
Point bi otite granite and Grey River leucogranite are inconsi s tent i n that 
t hey plo t mostly in and out of the fields respectively . Most samples 
from t he North Bay and Partridgeberry Hills (biotite) granites plot 
ou tside of the field, consistent with the findings above . 
7. 5 Known Mineral Occurrences 
(a) North Bay Pluton 
Most of the known mineralization in the area is associated with 
the more differentiated parts of the North Bay granite . Molybdenite 
occurs i n pegmatites at the margin of the pluton in Lampidoes Passage. 
The two mica phase of the granite lying south of Salmon River Dam is 
associat ed with zoned Cu-Mo-Pb-Zn-Ba-Sb (Co l man-Sadd and Swinden,in press). 
o-W-F mi neralization has been recentl y reported from the northwestern margin 
of the North Bay (Facheau Bay) batholith (Dickson and Mclell an, 1981). 
(b) Oth er Occurrences 
Little mineralization has been so far reported for the other 
plutons ,· n the study area . S ll f b l · t d rna occurrences o ery are assoc1a e 
with the Nor thwest Brook and Northwest Cove plutons, and one occurrence 
of fluori te has been reported from the Northwest Brook granite (Elias 1980) . 
Small zones of intense tourmalinization have been noted in the Northwest 
Brook, Dol land Bight and Through Hill plutons . A felsite dike with pyrite, 
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1 a sph a le r ite and gold intrudes the Partridgeberry Hills pluton ga en , · 
,·ts southwestern margin (Colman-Sadd ,1980a} . near · 
?.6 summary 
No substantial quantities of economic minerals have yet been 
found in the study area . The leutograni tes and more differentia ted facies 
of the Partri dgeberry Hills and North Bay plutons are favourable targets 




The Bay D' Espoir area in South-Central Newfo undland occupies 
a cross section through the Gander Zone. The area is underlain 
by two contrasting terranes: (l) Medi um-low grade sedimentary and volca-
nic rocks of the Bay D' Espo i r Group. (2) High grade gneisses a nd migmatites 
of the Li ttle Passage Gnei sses. These rocks are correlatives of meta-
sedi ments, metavolcanics, gneisses, and migmatites in J~ orthea stern 
Newfoundland. 
Two pulses of granitoid plutonism have been recorded in the area: 
(1) The .'orthern Granitoids were intr uded post-tectonically into the Bay 
D' Espoir Group at Ca.430 Ma. (2) The Sou t hern Granitoids were intruded 
syntectonically into the Little Passage Gneisses at ca.350 Ma. The 
qranitoi ds do not show any systematic variation in petrography, geochemistry, 
or stron tium isotope initial ratio from nor th to south across the Gander 
Zone, or Gander-Botwood Zones. The granitoids are of calc-alkaline 
affinity and are considered to be products of crustal melting, with heat 
input from mafic-ultramafic magma . The 11 Straddling Granite", formerly 
cons idered to lie astride the Gander-Avalon Zone boundary, consists of at 
least t wo separate plutons on either side of the boundary. The pluton on 
the G d an er Zone side has been informally named "Indian Point Granite", while 
the counter parts on the Avalon Zone side have been informally named 
ltH 
ardy ' s Cove Complex•: . 
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Although up to the present, only small uneconomical mineral 
showings have been discovered, leucogranites with ore-bearing potential 
occur in sufficient quantity to warrant further investigation. 
structural, stratigraphic, geochemical and isotopic evidence 
suggests that the granitoids were intruded into a back-arc basin during 
the Acadian Orogeny ~ 
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APPENDIX l 
ANALYTICAL PROCE DURES 
l.l Field Methods 
The granites were mapped on a scale of 1:50 000 (Col man-Sadd 1976, 
1977, 1978, 1979, 1980) . More detailed field work was carried out by 
the author during the fiel d seasons of 1978 and 1979. 
Fourteen granitoid bodies were sampled during the 1978 and 1979 
field seasons. Where outcrop distribution was sparse samples were obtained 
at convenient locations. /i' In areas of adequate exposure, sample locations 
were determined by a grid method (Garrett and Goss, manuscript; Elias 1979; 
Elias, 1980). Outcrop dupl i cates were coll ected at some locations. 
Samples of 5-·10 .kg were obtained by means of an ei gh t-pound sledge 
harrmer . Instead of a single large block, several small f res h chips were 
-
collected from a given location , and secured in polythene bags. 
1.2 Laboratory Methods 
1.2.1 Thin Sections 
A representa tive piece was se 1 ected from each · samp 1 e bag for 
thin sect ioning. Sections were stained with sodium cobaltinitrite for 
potash feldspar, as described by Hutchinson (1974). Those sections with 
suffici ently fine grain size were point counted after the method of Ghayes 
(l949) . A minimum of 750 points were counted from each 4.5x2.5 em thin 
section. 
l:2 · 2 Cru shing 
A representative sample of fresh rock was first broken into 3-4 em 
Chips with a sledge hammer. After further crushing in a steel jaw crusher, 
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Pl e was pulverized to -100 mesh in a tungsten carbide vibrating the sam 
. 1 Analytical splits were made from outcrop duplicates. m1 1 . 
3 Chemical Analyses 1. 2. 
Major elements were analysed by standard Atomic Absorption. 
ost trace elements were analysed by X-ray Fluorescence on baked pellets 
flla de by the fo ll owing procedure: 
10. 0g rock powder was thoroughly mixed with 1.3-1.4g 
Phenolic Resin binder. The mixture was pressed into a 
pe l let and baked at 200°C for about 8 minutes. 
Some uranium samples were anal ysed by neutron activation 
at the GSC,Ottawa. Fluorine analyses were done by the Ion 
El ectrode method.* 
Anal ytical splits from outcrop duplicates and Geochemical Reference 
Standards ( G-2, GSP-1, STM-1, RGM-1 and SDC-1) were used to monitor precision 
and accuracy respectively. Further details can be obtained from the author, 
or Departmen t of ~ines and Energy,Government of Newfoundland and Labrador. 
Detai ls of Chemical and modal analyses are given below. Note that 
on ly the Par tridgeberry Hills and Through Hill plutons,and the Hardy 1 s Cove 
Complex have been analysed for Ce,Th,La,U an d Y by X-Ray fluorescence. 
/ 
*For a full descript,·on of th1·s method ( ) see Ficklin,W.H., 1970 . A rapid 
me thod for determination of fluoride in rocks and soils using an ion-selective 
electrode. U.S.G.S. Prof. Paper 700C,p.c186-c188. 
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P2 05 0 . 36 0 . 34 0.3 0 0 .. 1 3 0 .. 28 
L O I ?.00 1 • q 5 1. 0 5 1 • 0 8 0 . .... 9 
TOT !L 100.20 l 0 lo 95 99. l~ I 1 0 0.1 2 1 0. 6 1 
'~ 
u 1 • 7 3.2 0.9 1. 9 4.2 
V? o . o o . o o .. o o.o o . o 
L 1 ., p . 0 7. 0 2 0 (', . 0 11 3 . 0 3 . 0 
f3 r 3 . () 4 . 0 6.0 3 . 0 4 . 0 
'lf-' 2B9 . o· 264 . 0 ;~26.0 1 96 . 0 243 . 0 
s L"; 3 72.0 2 r:?_ . o 2i~ 3 .. 0 242 . 0 2 7 7 . 0 
R 8 1 a . o 20 7. 0 209 . 0 1 7 1. 0 1 ~ 4 . 0 
~~ 75). 7 6 . 0 7 e . o As .o 66 .0 
cu 44-DQ .3s. . o E~ 4 • 0 26 . 0 39.0 
Ol\ 1 05 • 0 1 029 . 0 8 4::1.0 J4 1. 0 9 93 . 0 
T H o . o o.o o . o o . o o.o 
i•l 1 f..o 1 • 0 4. 0 6 . 0 /~. 0 
N[) l 1 • 0 1 9 . 0 1 3. 0 1 5 . 0 1 5 . 0 
Gf\ ~ 1 .. 0 23 . 0 2 .::5 .. 0 23 . 0 26 . 0 
D I 
• 0 1 3 . 0 1 2.0 20.0 2 • 0 
"' I 33.0 33 . 0 46.0 24 . 0 34 . 0 
Lll. o~o o.o o.o o.o o . o 
C i..· 7 l c, 5 7. 0 9 1" 0 47 . 0 50 . 0 
v 1~<?..0 134.0 J.. I~ b • 0 107.0 1 2 5 . 0 y 
o .o o.o o . o o . o 0 . 0 
F 111 3.( l 4 5E~ e 0 lts52.0 93 • 0 1 85 . 0 
c o.o 0 . <) 0 . 0 o . o o . o 
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GAULTOIS GR 1\N I T E 
5 A"'l P E 1701~3 1701 85 1 7 02 02 1 702 1 5 1 702 1 6 
PEKCENT 
51 02 70 . 70 62 . 80 65.50 59". 60 5 7. 20 
AL 203 1 3 . 1 0 1 6 .. 50 1 5 ... 90 1 5 .. 60 1 6 . 50 
Ff r03 1 • 1 l 1 • L;. 9 0.34 1. 53 1 • 8 0 
FED 2 . 6q 3 . 65 4. 60 5 . 20 5 . 3 4-
1'-l GO 1 . 7 3 2 . 8 0 z.qs 4. 4-4 4 .. 90 
CA U 2 . 03 4. 1 2 3 .. 53 4. 40 5 . 4 1 
20 3 . 29 3 . 43 2 . 95 2.7 3 :S ell 
K20 _ .. l~4- L!- • 3 g 2 . 64 :J . 07 . 03 
T I 02 O o · a 0 . 9 4 0. 80 1. 0 7 l • 1 6 
t·iNO 0.06 0 • 1 l 0 . 1 1 J,. O.l 4- 0 .1 3 
P2U5 0 .• 1 4 0 .. 2 f:, 0 .1 9 0 .. 41 0 .. 45 
LOl 0 .. (+ 1 0 . 6~ 1. 08 1 • 62 1 • 2 3 
T OT 1\ L 9_ • 20 1 0 1.1 .3 1 00 . 5 9 9 9 . 8 1 1 00 . 36 
PPM 
u 3 .. 4 3 . l 2 . 7 1. 6 2 . 0 
U ? o . o o.o o .. o o. o o •. 
L I / .. o .. o 1.~5 .;) 99 . 0 98 .. 0 sr- • o 
8F 3 . 0 5 . 0 3 . 0 4. 0 2 . 0 
ZP t n7 . o 256 . C 29 6 .. 0 2 1 0 . 0 .2 1 4.0 
SR 1 95 .. 0 .JOO . O 235 . 0 3 3 l. 0 3 1 1. 0 
R8 1 20 . 0 l i:> • 0 1 -68 . 0 1 45 . 0 1 29 . 0 
ZN 55 ~ o - 7. 0 a:J .. o 84 . 0 <:39 . 0 
cu 24 . \) 36 . 0 2 6 . 0 52 . 0 47.0 
A 30q ao 9.3 3. 0 740 . 0 78 .. o 26 . 0 
TH o . n o .. o o . o o . o o . o 
i•i ' ) 2 .. ,- ~~. 0 4 . 0 lj. . 0 1. 0 
I'Jr1 7.0 1 1 • 0 1 7 . 0 1 3 . 0 1 4 . 0 
C. A 2 1 . 0 25 . 0 23 . 0 2 7. 0 26 . 0 
8 1 0 e ('I 26 .0 1 6 . 0 8 . 0 9.0 
NI te.o 28 .0 2 -, . 0 se . o 53 . 0 L t\ o . o o.o o . o o. o o.o c ~~ 4-0 . o 1} 9 • 0 5 • 0 97 . 0 1 3 . 0 v ?4 . () 1 3 1.0 1 3 5 . 0 1 77.0 1 74 . 0 y 
o . c o.o o. o o .. o o . o F 7 7 2 . ( ll<J 9 . () 889 . 0 899 .. 0 938 . 0 C£ 0 . () o . o o.o o. o o . o 
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GAuLTO I S G··: AN I T E 
SA M ?L E l -102\ 7 17 0246 l 7 02 55 1702 56 1 7 0 2 7 6 
p ~-;; C.. F: NT 
SI OL 6 1. 30 6 1 • ou 6 1 .20 62. 60 7 .J 0 
AL 20 3 15. 60 17.30 1 6 . 6 0 16.1 0 1 3 . ' 0 
F E CJ3 1 . o6 1.- 2.9 1 ... 83 1 • 1 5 0 .1 9 
F ~='U L~ o 0 5 4 • L~ <.J 4 .. 7 2 4. 87 • /+ 7 ' 
. u - . 84 2 • -r - 2 . 95 2 . 8 7 0 .1 6 
CI\ U 3 .. b 3 4. 1 7 4. 7 f., 4.04 o.so 
NA 20 3 . 04 3 . 6 4 3 . 57 3 . 66 4. 0 
K 20 4 . 0 7 3 . -14 3.45 2 . 85 4 -.3 6 
TI 02 0 . 93 i • 0 2 1 • 1 6 II' 1. 03 • ~ 1 
f\1 ] 0 .. l 0 0. 1 2 0. 1 3 0. 1 0 0.02 
f..> 20 - Oo3S 0.3 6 0 .. ~~ 9 0.34 0.20 
L UI 3 . 23 1 & 2 1 0 .. 9 1 1. 27 1.0 .'3 
TUT t. 100 . 80 1 0 1. 90 1 0 1. 5-/ lOO .E38 1 0 1 . 39 
pp ;<j 
u 
- . 1 • 3 2 .0 l. 2 L~ • l~ 
'' '"'l J o .. o o . o o.o o. o . o 
Ll t 1 1+ • 0 17.3 . 0 3 8 .0 l f~ 7. o 7.0 
8 [ 4 . 0 4 .. 0 3 . 0 3 . 0 4. 0 
z ~ ?, 1 • 0 29 ' • 0 2S.J .. O 2~3 . J 4 C . O 
S . 2bO . O 280 . 0 266 . 2Y 2 . u 22 . 0 
Rd 1 ~ -J l • 0 17 5.0 eq . o 1 6 .0 17 H . O 
v~ 8 0.0 7 9 .. 0 e 1 .. o 7 7. 0 1 (~ . 0 
cu 3 ;~ . 0 40 . 0 41:3 . 0 4 • 0 2 1. 0 
8.'\ 1 0 ? • t 1:3 .. 3 . 0 64 f-3 . 0 2 4~0 54 . 0 
TH 0 0 o . o o . o J.O o. o 
M(} 2 . 0 4 . 0 A . O u.o 2.0 
\J U 1 5 . 0 1 5 . 0 1 '+. 0 1 4. 0 1 4. 0 
A 2 .:~ . ·. 25 . 0 25 . 0 24.0 2 1. 0 
l 4 . l) 22 . 0 1 8 . 0 9 . 0 32 . 0 
I 3 r- • (l 20.0 2 6 . 0 25 . 0 7 . 0 
L 
·) . 0 o .. c o.o o.o o . o CP ~4 ~ 0 3 5 .0 38 . (; so.o 4.0 v 1 3 L 0 l .J B . O 1 t_.g . 1 52.0 2 . 0 y 
o . n o . o o . o • 0 o . o F 7 1 l). 0 10 2'3 ~ 0 t7;J . •J 8 7 4 .. 0 2 1 5 . 0 c r- 0.0 • 0 o .. o o. o o.c 
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' 
\"J COV E G P.A~·U T E 
SA ~PL E 1 7 0 tH3 9 J 7 00 9 1 1 7 00 t)6 1700 97 17010 7 
PE R CE NT 
s 10 2 (>5 . 0 7 3 .10 73. 9 0 74. 60 7 - • 0 0 
AL203 17. 2 0 1 4 .4 1 4 . 50 1 IJ. • 1 0 1 4 . 50 
F E203 0 .7 7 o .. zo o.o s 0 .. 21 0.35 
F EO 2 . <;2 1 .. 0 4 o .. 5 4 0.5 5 0.79 
MGO 1. 7 l 0. 4 1 0.0 9 0 .. 25 0.29 
C AO 3 . 63 1. 0::- 0 . 4 2 0.70 0. 6 2 
A20 4. 1 0 3 .. 6o 4 .4 3 3.6 9 3 . 67 
K 20 2 . 3 1-J. .q . • 65 I+ • 1 0 5 .. 4 6 4.7 9 
TI 02 o.5 9 0 .1 8 0. 04 0.0 6 0. L J 
NO 0 .o g o .O b 0.0 8 0.04 o. o 
P205 0 • l 0. 0 c.: 0.1 II' o.o 0. 29 
L OI 1 • .32 1 • 1 2 0. 89 0.8 6 1 .. 1 7 
T CJ"r AL 1 00 .7 () 99 . 90 99 . 20 100. - 1 99 . >4 
P PM 
u 1 • 2 . 9 4. 1 4. 5 5 . 0 
U2 :).,f) o.o o . o o. o o .. o 
LI 1 ( 7. 0 l o . o l B<'1- . 0 53 . 0 1 0 7 .0 
dt= 4 .. 0 8 . 0 h . 8 1 0.0 1 0. 
Zf< 1 '-} 7. 0 1 07 .0 2 1. 0 9 .3 . 0 6 o. ,) 
Sf ' L '.J r .. o 1 1 1 • 0 4 .. 0 96.0 42 .0 
Rll 1 6') . ') .3 14 .. 0 4 84 . 0 275.0 33 4. 0 
LN [J (} . 0 5) . 0 50 o 0 2 8 . 0 54.0 
cu 3 . 0 t) 26 ... ) 20 . 22.0 20 . 0 
fj, ~ -8 .. 0 364 .. 0 1. 0 '+5 8 . 0 1 5 d . 0 
T H 0 . ·) o. o o .. 0 o.., o o . o 
f-10 1 • () 2 . 0 6 . 0 6 .0 1. 0 
f3 1 3 . 0 17. 0 1 9 .0 1 1 • 0 1 4 . 0 
GA 23 . () 26 . 0 25.0 22.0 24.0 
P H 14 . 0 1 9 . 0 6 . 0 33. 24.0 
N I 20 . 0 1 5 . 0 1 4.0 9 .0 7.0 
L A o ~ o . o o . o o.o o . o 
C R 1 ~ ~ 0 2 . 0 7.0 1 0. 0 4 •. o 
v s . o 1 n . o 1 • 0 7.0 7.0 y 0 • . o . o o . o o . o o . o 
F 912 . 0 ~ ll. 'J 1 0 -'35 . 0 3 1 1. 0 823 .0 
c r: o . o 0. 0 o . o o.o o . o 
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N \'~ COV E RAN IT E 
5 A•'·1 PL E 1 7 1 26 17 0 1 2 ( 1 7 0 l "+0 17 0 1 4lf. 17 0145 
p >=:RCENT 
S I 02 74-. 30 72. () 0 73. 6 0 74 .. 70 72.90 
AL ~03 13. 80 1 f+ • !) () 14.00 13. 30 14. 00 
F E203 0. 1 H 0 • 1 1 0.41 0.31 0.47 
EO O e 9 l 1 • 1 0 1 • 0 3 1.1 5 1. 24 
MGO o.2.q o.3r o .• 4 8 0.43 0.4-5 
C A f1 o . 7 n (}.74 0 . 69 0 .. 6 1 0.60 
JA20 3 " ~~9 3.92 3 . 4 0 3.19 4. 86 
K 2·J 4.3 0 4.47 5 . 33 5 -. 04 . 3 ... 26 
I U2 0 · . 0 ~ o.o( 0 . 20 0.24 0 .. 22 
I 10 o .. o s o .. o3 o . os 0.05 0.03 
P2 1J~ 0. 1 l. o.oq 0 . 1 7 Jl' 0 . 23 0 . 1 
L UI 1 • 2 <) 1 • 1 3 0.92 0 ... 90 1. 06 
T ~ T AL LJ 0 .. 2£' 98. l) 1 100. 28 1 00 . 65 99 .. · 7 
( P\1 
u 1 0. 0 3.5 4.5 6 . 4 4 9 
U 2 o .. o o.u o.o o.o o .. o 
L I d3 .. 0 f::.• 7 o 0 77.0 270 . 0 293 . 0 
li e 1 7 .. 0 7 . () 9 . 0 1 5.0 1 2.0 
z ;< 94 . 0 9 1f-. 0 92..0 7 0 . 0 76.0 
S R 70. 0 -~0. 0 68.0 2 7. 0 ? 7. 0 
I< Z! 3 70. {) 2.9? • . 2 2 . 0 357. 3:.>5.0 
ZN 6 1. 0 4 P. .O 5'1 .. 0 64 . 0 73.0 
cu ,.?_ 2 . 0 2 1 • 0 2 1. 0 17.0 . o.o 
? 5") . 0 285 . 0 235 . 0 59 . 0 55 .0 
f H 0" IJ OeO o . o o . o o . o 
'·10 1 2 .. 0 4 ~ 0 1 • 0 6 . 0 1 .. 0 
f\ 9 17.0 1 4 . 0 1 3 . 0 1 5.0 17.0 
,-A 2 _- . 0 22 .0 22 . 0 26.0 2.3 . 0 
2 7.0 ~b . O 36.0 33 . 0 ~ 1. 0 
' I R . O 1 1 .. 0 .. 0 10.0 12.0 
L .l\ u . o o . n 0 0 o . o o . o 
c t-~ !t- . 0 1:3 . 0 2.0 a . o 1 0. 0 
v 17.0 1 7. 0 1 7 •· 0 1 9 . 0 1 9. 0 y 0 .. (' o.o 0 . 0 o.o o . o 
F 1 22 7$0 7 .3 4 0 0 68,] . 0 Y 7 1 • 0 1 05 7.0 
c o . o o . o o . o o . o o.o 
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N v: COV E GPAN I T E 
SA "'1 PLE 17 01 ' 6 1 7 () 1 4 7 17 0 77 170178 17 0 179 
P ERC:=: NT 
S.I 02 7 4- .• 3 0 7 2 .. . '30 7 • 2 0 73.10 7 3 . b 0 
t\L 203 l'f. 30 1 4 . 30 1 4 . 20 14.1 0 1 4 . -3 0 
F E203 0 . 33 () . l~ 9 0 . 32 0.13 0 · -4 1 
F 0 1 . 2 2 1 • 0 C3 0. 9 6 1.1 6 0 . 9 3 
,.\G O 0 . 45 0 . 5 ~: 0 • Lj.- 0 '"' 0.41 0 .4 5 
C An O. C3 1 • 0 1 0.7 4 o. s 0. 9 2 
NA 20 3 . 32 
-
5-:> . ._) 3. 9 1 3 . t>4 3 . ~J5 
K 2D 4 . 'i 4 5 . 09 L'j.- • ~ l 4. 83 4. 92 
TI D2 0 . l 7 0. 2 7 0 .1 8 0. 20 0 . 20 
11 '() 0 . 0 1+ 0 .. 0'5 c.o s 0. 06 0 . 04 
P 2US o .. t 2 0 .. 2 ( ) 0.07 0.0 9 o. 9 
L O I 1 • 0 9 0 .. q ,- 1 • 08 1.0 6 1. 05 
TOT L 1 r; 0 ~ ~'- l 1 0 0 • :..1 ~) 10 0 . 92 99 . 86 100.7 
p - ~-Jl 
u 4 . d ? .. d 2 . 2 2 . 3 2 . 2 
u --:> o .. o r) "' 0 o.o o.o o .o 
L I 2..9c:~ . U <; t. o t o g . o 1 56 . 0 1 5 7.0 
RE 1 3 . 0 1 0 • . q . o .'3 .. 0 8.0 
?. R 7 7 .. 0 1 3 4 . 0 1 0 9 . 0 1 02 . 0 1 03. 0 
::_> R 2 6 . ·J 1 4-4-.0 11 0. 0 .1.0 5 . 0 10 4 . 0 
RD 35..:) $(_) 31 l • 0 293 . 0 3 0 0 .0 303 . 0 
l r 7 5 ~ 0 52 .0 5 7.0 4-7 . 0 50 . 0 
cu 1 9 . 0 ~c- . o 24 . 0 22 .. 0 23 .0 
- A S:3 . 0 lf- 1 6 .. 0 36 1. 0 388 . 0 3 7 9 . 0 
T o . o o . o o . o o . o o.o 
10 4 .. ") ~ . 1) 2 .. 0 2 .0 4 . 0 
r r 1 6 .. J 1 7 . •.J 1 5 . 0 1 4 .0 1 6 . 0 
CA 2 7.0 z::> . o 25 . 0 23 . 0 26 . 0 
n 2:::, . 0 .32 . 0 2 r-, . 0 24 . 0 30 ·- 0 
r I I 1 1 • 0 8 . ') s .. o 9 .. 0 l 1 • 0 
L 0 . () 0 . 0 o . o o . o o . o 
cr~ 6 . ~ l 0 . 0 1 l • 0 . () 7.0 
v 2 l. 0 ?2 . 17. 0 1 1 2 . 0 y 
o . o 0 . 0 • . o o. o o.o 
F 1 0 2 l3 . 0 6 70 .. 0 58 1. 0 56 8 . 0 59 4 . ') 
c c n . o () ,. n o . o o .o . a 
17 5 
!-..J !Aj COV E GPA . tT E 
SA ·'-1 PLE 1 7 ~n s l 7 () 1 8 I~ 17 02 4 7 170 24-S3 17 02 49 
P ERC E NT 
c;r o2 7 4 . 2 0 7 "3 . 30 74 .. g ·o 7 5 .4 74. 8 0 
AL 203 1 4 . 20 1 4.r)o 1 3 . 60 1 3 . 20 1 3 .00 
F 203 0 . 3 3 () C> :~ 4 f) • .3 1 0.31 0.28 
FE J 0 . ; 5 0 . 96 1. 2 0 1.42 1 .3 8 
r...; 0 o . 5 o . :.~.l 0 .. 5 1 0 .. 57 0.51 
CA D v o 93 1 .. 0 0 0.73 J .. 0 . 92 0. 8 1 
NA 2n 3. 88 3 . -95 3. 3 9 3 .41 3 . 4 1 
K 20 4 . 8 2 ~~ • -~ 9 5.78 5.22 5 . l 3 
TI C 2 () • 1 '_' ;J " 1 6 0.2. 1 0 .• 27 0 . 2 7 
J1 0 o . oG 0 .. 05 0. 02 0.0 2 o.n3 
205 0 • t 1 0 • 1 1 0e05 o. o6 0. 6 • 
L OI O . A.f 0 . 9 ~ 1 • 02 1. 0 0 l . a 
TOT AL 1 0 ,.7 8 (,; y • cl ") 1 0 1. 72 1 01 . so 1 ) 0 . 7 0 
...,, 
u 2 .. 2 ..._) .. 1 4. 8 4. b 4.9 
U 2 o.o 0 . 0 o.o o.o o .. o 
LI E~ (; ~ 0 7 8 . 0 4 7. 0 46.0 44 . 0 
OE 7 . 0 1 • 0 ~.o 1 • 0 2 •. 0 
Z.R 1 l ) 6 .. 0 <_1 7. 0 1 7 7 . 0 207 . 0 2 6 . 0 
s '' 11 0 . 0 t~ 5 . 0 1 3 • 0 1 4 7. 0 1 so . 0 
f '] 30 . . o 2f-l 2 .. 0 1 54 . 0 1 38 .0 1 33 . 0 
Z: N 4 -· . 0 4 ") . ( • 3 2 .. 0 36 . 0 35 . 0 
c u 20 . 0 20 . 0 23 . 0 2 o . 0 24 .0 
~'\ 348 . 0 3' : • 0 7 0 7. 0 686 .0 7 C 1 " 0 
T 1- · o . 0 o .. o 0 . 0 o. o o. o 
HU l • 0 1 2 . 0 6 0 1 0 0 1. 0 
N l'i 1 5 ~ 0 1 7 0 0 1 1. 0 9 . 0 1 0 . 0 
Gf, 2 1. 0 ;_ · 1 • 0 1 7 . 1 7. 0 16.0 
f~ ? 7 . 0 26 . 0 4 4 . 0 35 .0 3 7. 0 
NT 
'> : t) C) • 0 1 0 . 0 1 2 .0 1 0 . 0 L ; 0 . 0 0 . 0 o . o o.o o . o C P (> . 0 2 .0 7 . 0 l 1. 0 4 .0 v 1 q . 0 l 0 . 0 25.0 1 7 . 0 1 8 . 0 y 
o . o o .o o . o o . o o . o 
77 2 . 0 ~ --' (;> • 0 l lt-1.0 1 . 4 . 0 1 69 .0 C £ o.o 0 . c o . o • 0 0 .0 
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t w COV E Gh;Ai'··H T E 
Sft.MPL E 17 025 1 17 02'-9 1 7 02 - 0 1702 1 
ERCt: NT 
Sl 02 73. e o 66 .. 0 7 2 . 0 0 73.70 
AL 203 1 4. . 1 0 1 5 . 30 1 3 .. 8 0 1 4.40 
F E203 0 . 2 0 0. 92 0. 58 0.27 
FEO 0 .. 7 3 . 1 4 1. 3 4 .1 • 0 7 
t-1G O 0 .. 3 0 1 . 92 0. 5 7 0.4 5 
C A O 0 .7 5 3 . 02 0. 6 9 0 . 85 
~JA 20 3 .. 6 7 3 . 1 .s 2-..76 3 . '37 
K 20 b. 52 3 .76 6. :J 5 . 09 
Tl 02 0 . 09 0 .. 6 5 0. 23 0. 1 9 
""· '0 0.03 0 . 1 0 0. 04 ii' 0.0 5 
P 2Cl 5 0 . 22 () • ~~ t'j.- 0 . 2 2 0.14 
L OI o .. s t 1 • 4 '::) 1. 30 l. 2 6 
TOTAL l 0 1 .. 27 1 oo .• s2 99 . 58 1 00 . 85 
P P 1'-1 
u 2 .7 3 .. '3 .::; . 3 3 .. 3 
U 2 o .. o o.o o.o o.o 
L I 1 5 . 0 1 .3 ( .. o 4u . o 1 40.0 
[3E 6 . 0 5 .. 0 ~ .. o 5.0 
Z P 5 7 . 0 2 0 ") . 0 1 60 . 0 1 2'+ . 0 
S R 62 .. 0 2 L~ 7 • 0 8 8 .0 80~0 
! R 2 17. u l 7 1 • 0 23 8 . 0 32 5 .0 
Z1 l 3 5 . 0 L>5 . 0 4 • c 53.0 
cu ')0 .. 0 32 . 0 2 -~ ,.,. • v 2 1. 0 
GA ?28 . 0 7 3 7. 0 4 5 1. 0 371 • 0 
TH •J: 0 0 • <') o.o o.o 
·1 2 .0 /+ • \.) • 0 2.0 
l [.-) l 1 . 0 1 2 • ') l 4 . () 1 7. 0 
Gt.. l C. . O 20 . 0 2 1. 0 27 . 0 
D 5 L. 0 28 .0 34 . 0 24 . 0 
1\' l 7 . 0 1 8 . 0 1 0 . 0 1 6 . 0 
L 11 o ~ o o . o o . o o . o 
c 3 . 0 .20 . 0 ) • 0 1 • 0 
v 7 . {) 99 . 0 3~ . o 1 3 ., 0 
y 
0 • 'J o . o o .. 0 · e> . o 
30ll ~ () Sn l. o 36/ • 0 89 • 0 
r o . v 0 . c o . v o .o 
177 
I ndian Point granite 
5 1\f.!l P L C: 1 7 0 1 .33 1 7 0 1 3 £< 17 0 1 .3C": 1 70 1 3 1 7 0 1 3 7 
ERCENT 
S I0 2 71 .. 8 0 71 . 1 0 7 1 . 4- 0 70 .. 90 7 .3 . 0 
AL 2 03 1 4- .7 0 1 4 .. 20 1 ~~ .50 14. 20 1 4 .. 1 0 
F E 2 03 0 . 5 7 0 .. 70 0 . - J 4 0 :.8 1 0 . 5 4 
F E D 1 • .3 9 1. 32 1. 2.., 1. 1 9 0. 96 
~G O () . ' 1 ().7 ~ 0 .. 8 2 0. 8 4 0 . 58 
C AD 1. 6 7 1 • ::> ~~ 1 . 69 2 . 00 0 . R 7 
I 20 4 . 1 1 4 . 0 9 4 . 2 1 4 . 08 3 . 9 9 
K2 0 .3 .7 9 3 . 44 3 . 4 1 3 .. 79 3 . 9 7 
T I 02 0 . 24 0 .. 2 5 0 . 2 3 .0 .. 22 O .l q 
r-11'-J D o .o s 0 . 0 3 0 . 0 .:~ o . os 0 • 2 
0 . 10 0 . 09 Ji' ~ 05 o . o s 0.0 7 o . o s 
L UI 1., 6 5 1 • qa 1 • ~ 3 1-. 27 1. 62 
T OT AL 1 00 . 80 q g . '·)3 99 • 9 0 99 .4 2 l OO . b<) 
O f-> "..1 
u 4 . 1 4 .• C) 3 . 0 4. 1 l j • 
U 2 O c O o . o o . o o . o o . o 
3 !. ') 4 ~ . 0 3 1 • 0 32 . 0 4 9 . 0 
RE s . o ,:) • 0 s . o 3 . 0 4 . 0 
Z R 1 43 . 0 1 3 8 .0 1 39 . 0 1 35 . 1 1 5 .. 0 
R 2 9 1. . 0 ?.b 4 . 0 2 9 1+ . 0 306 . 0 1 7 3 . 0 
R 1 1 2 1 • n 1 2'5 .. 0 1 3 - .. 0 1 5 0 . 0 1 4 9 . 
z 5 5 .. 0 5 6 . 0 54 . 0 5 1. 0 4 4 . 
c u 39 . 0 3 3 . 0 34 . 0 3 2 . 0 2 8 . 0 
o,'4, 
- () 2 .. 0 550 . 0 5 9 6 . 64 5 . 0 7 .... . 0 
T H o . o v . o o . o o . o o . o 
M J 4 ., 0 6 . 0 2 .. 0 4 . 0 6 . 0 
I ' B 9 . 0 I 2 • 0 1 4 . 0 9 . 0 1 0 . 0 
G 2 1 . 0 2 3 . ') 2 .3 . 0 2.3 . 0 2 0 . 0 
d 2 2 . 0 1 8 . 0 2 1. 0 24 . 0 1 2 . 0 
I 
'" 5 . 0 6 . 0 6 . 0 6 . 0 l • 0 . 
LA o . o o .o o . o o. o 
CF i 1 • 0 7 . 0 9 . 0 1 0 .. 0 5 . 0 
v 1 .. 0 3f\ . 0 4 3 . 4 0 . 0 28 .0 
y o . o o . o 0 . ') o . o o . o 
4 1 s . 0 1 .. 4 1 • Q 5 5S • 0 54 3 . 0 4 2 .o 
r · 
'- - o . o 0. 0 Oo O o . o o . o 
p r~ C. E NT 
5 I Ct ? 
J\L ::'U.J 
t-2f13 





T I fl 2 
() 
P" 05 

























Indian Point granite ~ 
17 02 1 q 17 0220 
73 . 4 0 7 2 . <-JO bo . l 0 
1 4 . 30 l .(4- . 1 0 1 5 . 50 
o . s~ 0 . 3 7 1 • 6 l) 
() • t:_; 1 0 . [36 2 .7 3 
(} • f j 0 O . SCI 2 . 0 1 
o . (j 1 - ~) (J 3 . 0 7 
3 . r.:l 3 . 90 3 . 08 
t • • 0 9 I+ • 1 8 3 . 8~ 
u . 2o o .l o 0 . 6 7 
0 . 3 o . os 0 . 1 0 
• 0 f:· 0 . 03 0 . 1 
1 • c:: 3 0 . 78 1 • 50 
1 00 . 4 g .4 8 1 00 . 3 4 
2 . 7 3 . 8 '3 . 4 
o . o o . o o . o 
42 . 0 32 . 0 5? . 0 
c.. 
• 0 6 . 0 3 . 0 
1 1 2 . 0 Y? .() 209 . 0 
1 ) • 0 21~ 2 . 0 ?5 7. 0 
17 7 . 0 1"7 2 .0 1 4 7. 0 
c;o . o 3 H • () _ 64 . 0 
29 . 0 22 . 0 35 . () 
4 s . o 524 . 0 1 63 ~ . 0 
o . o o . o o . o 
1 • 0 1 • 0 n . o 
1 / ... u 1 0 . 0 14. 0 
2'~. 0 22 . () 2 1. 0 
2R . O 30 . 0 2A .O 
B . ) 3 . 0 1 l\ . 0 
o . o o . o o . o 
A. o 9 . 0 32 .• 
3S . o 22 . 0 1 05 . 0 
o . o o . o . o 
-I OH . O 3 ~~ ti • 0 8 1 1 • 0 
o . o o . o o . o 
17022 1 17 0222 
6 . 90 6o . BO 
1 5 • - 0 1 5 . 40 
1 • 1 q 1 • 1 2 
3 . ~ 3. 02 
2 . 0? 
- . 0 4 
2 . 8f..J 2 . 94 
3 . 32 .J . 3u 
3 . ()4 3 . 6 7 
0 .7 2 0 e tJ q 
0 . l 1 0 . 1 1 
0.2 2 o . 1 
1. 0 9 1. • 1 2. 
10"0. 62 1 00 . 50 
4. 0 :i. 9 
o . o o . o 
83 . 0 8J e 0 
7. 0 . o 
1 6 . 0 209 . 0 
2BR . O 290 . 0 
1 9 . o 20 0.0 
6 7. 0 f>5 . 0 
3 1. 0 32 . 0 
7 95 . 0 7 50 . 0 
o . o o . o 
6 . 0 4 . 0 
14. 0 l S . O 
23 .0 20 . 0 
t7. 0 3 1. 0 
20 . () t 7 . u 
o . o o . o 
30 . 0 32 . 
1 03 . 0 9 .o 
o . o o . o 
1 22 7. 0 1 284 . 0 
o. o o . o 
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Indian Point granite 
s MPL E 170223 1 7 0 2 2 1 70?25 17 0226 1 7 02 2 7 
P E!=~CENT 
51 02 66 . 00 7 .. 20 7 3 0 8 0 74.70 73. 8 0 
AL 203 1 5.60 14. 30 14. 30 1 3.40 14.30 
FE 203 1 • 1 :-_) 0 . 32 o _. 59 0 .. 4 4 0~ 86 
F EU 2.72 1. 09 0.90 0 .. 35 0. 7 7 
t GO l. 94 0. 6 F-J 0 . 57 0.21 0.45 
CA O z . ea 1 • 3 2 1 • 1 2 o. .3 1 • l 1 
NA20 3.1 5 3 . 9 1 3 . 83 3.74 3.81 
' 2U 4 .1 2 4.0 5 Lj- • 1 4 4. - 3 3 . 96 
T J U2 0 . 65 0.22 0.20 o.o? 0.18 
MNCJ 0. 10 0 • If 0 . 03 II" 0. 02 0.0 3 
P 2fl5 0. 2 1 o.o~ o . os 0.02 0.06 
L l"Jl I • 1 9 1 • () 1 1. 2 0 1. 5 7 1 .3 7 
TOT I\ L 99 . 63 1 1 • 1 7 1 00 . 7 - 99 . 98 10 0 .70 
r:> '-1 
u 2 . '1 .t ... 3 3.4 4-.6 4.5 
U2 o. o o . o o . o o.o o .o 
L I 6£3 .. 65 .. 0 45 . 0 24 . 0 45.0 
Ut: 4 ,.0 4 .. 0 s . o s . o a .. o 
ZP 2 1 3 . 0 1 2 . 0 1 0 7 . 7 5 . 0 1 2 1 • 0 
1-.! 24E. .. o 2 7 4 . 0 201 . 1 60 . 0 , 1 8 . 0 
IH\ 1 5 - • 0 1 6 -r .. o 1 7(., .0 17 3 . 0 1 54.0 
? (\) b2 .. () 42 .. v 4 t:. . o 2 7. 0 Sl.O 
C t I ::;~ . o 24 . 0 27 . 0 23 .. 0 2 8 . 0 
/1. 1033 . 0 52 .0 540 . 0 35 1. 0 5 7.0 
T H 0 .. 0 CJ.,Q o . o o .. o o . o 
:vj () 2 ·• 0 2 .0 4.0 2 . 0 4.0 
N tl 17. 0 1 1 "0 . 1 ~~ • 0 1 3 . 0 1 /f.. 0 
GA 2 2 . :) 22 . 0 24 . 0 22 . 0 23 .. 0 
P r 2 s . 0 zu .o 21. 0 2 1. 0 17. 0 
1 7 " z . o 7. 0 z . o 2 . 0 \ I 
L/1. o .. o o . o o . o o . o o . o 
C P 25 .0 : . o 1 0 . 0 8.0 1 o. 0 
v 99 . 0 22. '- 25 . } 17.0 31.0 y OeU o .. o o.o o . o o . o 
0 1 1 . 0 3 7 9 .0 3 6f; . 0 1 89 . 0 3 1 1. 0 
o. o o . o 0 . 0 o . o o .o 
.. 
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Indian Point granite 
SAMPLE 1 70 22t~ 1 7022<) 17 0 2 3 1 1 7 0 2 32 17 0233 
PERCEN T 
SlUe 73 . 4-0 7 3 . 8 0 72. 90 7 2 . 60 72 .. 1 0 
/\ L 2!_ 3 1 4 ... <'1-0 1 4 . 20 1 4 0 b 0 14.7 0 14.70 
FE203 o . e J 0 .7 6 0 . 62 Q ,. 5 3 0 .. 63 
FEU 0 . 7 0 0.73 0 . 8 4 1. 1 0 1. 23 
MGC 1 0 . 42 0 . 41 0., 50 O.b 6 0 .70 
CA U l • 0 4 1 .. 06 0. 8 7 1 • 1 6 1 • 5 1 
1'-l A 2 U 3 . 68 3. 6 ') 3 .-7 2 3 . B4 3. 94 
K20 4 . 7 1'.:. 4 .. 29 4. 2 2 4.0 9 3 . 63 
TI02 0$1 ?-< 0 . 20 0. 1 5 0. 2 1 0 . 2 5 
\11't(J 0 . 03 0 . 04 O . v2 o . o s o . os 
P2 r l ~ '-' "' 05 0 . 06 0 . 0 8 , ... 0.07 0.1 1 
L () I 1 0 3 7 l • :: 4 1 0 4 6 1 • 2 1 1 • 1 3 
TOTAL 1 0 0. 8 1+ l OO . :.>R 99 . 98 1 0 0. 22 1 00 . 03 
PP'v\ 
u 4 • 5 .0 3 . 4 2 . 9 2 . 9 
U 2 o .. o o .. o o. o o. o o . o 
L I !~ C> . 0 4 6 .. 0 4 1 • () 54 . 0 6e . o 
BE 7 .- 0 7.0 l 0. 0 7. 0 e . o 
ZP. 1 1 5 ~ 0 1 1 6 . 0 1 00 .. 0 1 32 e 0 1 29 . 0 
S R 200 . 0 202 . 0 1 88 .. 0 226 . 0 290 . 0 
RB 1 7 0. 0 17 5 . 0 • t -! -7 .. 0 205 . 0 1 6 8 . 0 
ZN q () .. I_) 4-6 .. 0 40 . 0 4 9 . 0 4 7. 0 
cu 29 . 0 26.0 2 7.0 2 4. 0 2 . o 
u 6 1 ~ . 0 60 7 .. 0 56 • 0 53 7. 0 ~, 1 4. 0 
TH o . o o.o o . o o . o o . o 
MD 1 • r) ?.0 1 • 0 4 . 0 1. 0 
Na l 4. 0 l 3 ~ G 1 3 . (j 15.0 1 4 . 0 
GA 22 . 0 23 . 0 22 . 0 25 .. 0 2 7.0 
PB 26 . 0 .23 . 0 2 -1. 0 20 . 0 l b . O 
Nl 1 • 0 7 . 0 1 • 0 8 . 0 s . o 
LA o .. o o . v o . o o . o o.o 
C F:: R . O ?. 0 4. 0 1 0 . 0 9 . 0 
\1 2R ~ IJ 2 fJ 4 0 -,. 0 3 1. 0 33 . 0 
y 0 0 ~ o . o v .o o . o o . 0 
F - 4 5 c ' 2 b !. ,, 31 9 . 0 530 . 0 356 . 0 
Ct G • ,) o .. ) o . o o . o o . o 
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Indian Point granite 
S Ai·l PLE 1 7v23 ' l- l 7 0, 35 1 70240 
P EP.C ~ NT 
51 02 7 2 . 50 7 tt- . 1 0 73.0 0 
AL 203 14-.3 0 1 4.20 1 5 . 2 0 
F F203 0 . 6 1 0 . 30 0 .. 95 
F .0 1 "12 O o 8 ? 0 .. 24 
M 0 0 .76 0.45 0. 2 1 
CA O 1. 63 1. 00 0 . 8 3 
NA 20 3 . 9 7 3 . - ~ 3 .1 0 
K2 D 3 . 90 4 ... 1 2 4.60 
T P l2 () . 2 5 o . 1 0 0 .. 1 5 
1"lN G 0 . 0 6 0 . • ... 4 0. 0 ' . ~" 
P 205 o . oB 0 .. 06 0.1 8 
L Cll O . '::J H 1 • 6 ~ 2 . 6 1 
T OT /'L 1 0. 1 b 1 0 .. c::~ 1 101 .0 9 
PP ~ 
u 2 . 2 3 . 6 2 . 
U2 o . o 0 .. 0 o. o 
LI 6<J . ~~ 1 .. ) 2 7. 0 
f: B e O s . o 7. 0 
ZR 1 90 . v 9 1 A 0 1 1 2 . 0 
R 302 . 0 1 8 1 • 0 3~ 8 . 
t3 1 5 '! ,0 1 7 2 . 0 ?. 1 1 • 
l N -+-3 ~ 0 {j. J . 0 LJ 4 . 0 
cu 29 . 0 26 . 0 '"' 7. 0 
8A b 1 6 . 0 4-J : .. 0 ~~ 4 • 0 
T H o . o o . o o.o 
:\11 l 1 .. 0 1 ~ I) ! t- • 0 
1 1 .. 0 1 3 . 0 1 2 . 0 
GA ? 1 . 0 22 ., 0 23.0 
p ·l 25 .0 31+ . 0 3 • 0 
I 3 ... 0 (:> .. , .. 0 
L o.o o.o o . o 
p 7. 0 . • 0 • n 
v 3S .. O ~3 .. 0 2 1 • u 
y o . o 0 . 0 . 
r- c:-)17 . 0 326 . 0 441 . 0 
c -· 
o .. o 0 . v o . o 
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f'IV; t-lRUO K GF-!ANITE 
S N-l PLE 17 000 1 17 00 .i7 17 00 1 8 1 7 00 24 17 00 25 
PEr-! CENT 
SI 02 7<:1- .. 2 0 7 2 . 9 0 65 .. SO 7 3 . 00 73.60 
AL 2U3 14 .. '- 0 .!. {J-. 5 0 1 8 .20 14.7 0 15. 30 
F E203 0 •· i. 1 0.43 0. 8G 0.2 6 0 . 1 2 
F c- (J 1 • 3 1 0 . 7 1 4 . 5 7 1. :2 3 0.-39 
:'4 GCJ 0.53 0 . 33 2 .. 38 0. 53 0 .. 3 7 
CA O 0 . 3b 0 .. 70 2 . 3 1 0 .. 81+ 0 . 60 
NA 20 3 o 2 5 3 .. 71 3-. 1 3 3 . 1 1 3 . 04 
K 2U 5 • . ~q /1- • ..:; 1 2. 86 5.77 6 . 00 
I0 2 0.2 =:> 0 .. 1 ~~ 0.77 0.2 6 0. 1 8 
~-~ N ) o.o u 0 . 0 .(~ 0.1 0 0 . 04 0.02 
P2 15 J . O £} 0 . 0 'SJ II' o .. o1 0. 1 1 0.03 
L OI O . d-'3 o • . q s 1 • 04 0. 80 o . so 
T OT AL 1 () 1 • c: 3 99 .. -:J q 101.7 3 100. 65 1 00.65 
p 1 
u .3 . ( 3 • f_f 2 .. 0 .3 .7 3 . 4 
U 2 o .. o o . o o~o o. o o . o 
L l ~ 4~ .. n 35 .0 1 8 2 0 2 1 2 . 0 94 . 0 
BC 9 . 0 '3 .L.) >J .o 6 . 0 5 . 0 
Z. l~ 1 0c- . c 7 2 . 0 1 99 .0 1 1 1. 0 73.0 
SP. 7 ( , . <) '55.0 2.TJ . 0 73. 0 7 5 .0 
R FJ 3 1 3 ~ 0 2 f, ~~ • u 1 39 . 0 317.0 271 .0 
Z t\1 h l. CJ s ::::s .. 0 7 t. • • 0 56 . 0 43 . 0 
c u :?.0 . 0 1 9 . 0 40 . 0 1 8 . 0 17. 0 
BA 3 1 3 .. 0 :?. 7 2 . 0 654 . () 321.0 2 4 o .. 0 
T ~ ~ o . o 0 .. (_l o . o o. o o . o 
1'-'10 1 0 . 0 t~ • l) 1 • 0 4.0 4. 0 
E3 1 3 . 0 1 >\ . 0 1 5 . () • 0 1 0.0 
GA 26 . 0 2CI . O 2....; . 0 23 . 0 2 1. 0 
P(J 
.. 0 ~.3 . 0 2? .0 36 .0 4 1. 0 
NI 1 4 .0 ~) . 0 24.0 o .o 5 . 0 
L A a . o . o o . o o.o o .o 
Cf.-' 1 u . 0 <; . u 5 '} . 0 1 0 . 0 7 . 0 
v l 8 . () 1 .J .. 0 1 1 <. ,. 0 1 6.0 8 . 0 y 
• 0 (l • () () . 0 o .. o o . o 
F s ~; 9 . o 30f+ . l/ 83() . 0 950 . 0 568 . 0 
c c o . o 0 . 0 u .o o.o o.o 
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N V.. UF-:UOK GRAN I T E 
5 MDLE 170027 1 1 002 ;:) 17 0 0 2Y 170032 17 0041 
P ERC~ T 
SI Cl2 71. 8 0 7 5 .. 00 7 5.30 7 5 .1 0 73.30 
AL 203 1 6 . 50 ll. P. O 1 <5 . 90 1 5 . 30 14 .• 30 
F E203 0 . 30 o . c:, a O . OB 0.24 0.60 
F EO 1. B 0 2 .. 2 0 Oo59 0 .. 5 0 . 39 
i'-1G O 0 . 6 ':) o .. 4 o. z t 0. 2 4 0 . 32 
C AO 1. 3 9 o. a 6 0. 62 0. 8 9 0.7 6 
IA 20 4 . 0 0 2 . 38 3 . 6 l 3 . 52 3.71 
20 4 • 1 1 5 . 1 9 4. 8 6 s . oo 4.8 9 
Tl 02 0 . 3 3 o . zLJ. 0.09 0.07 0 . l 1 
~vi N O 0 . J ,) 0 . 03 0 ·• 0 3 II' 0.0 8 0.04 
P 205 o . o u 0 . 0 1 0 .1 6 0.0 2 .o7 
L or 0 . 5 3 0 .. ~3 0.7 3 0. 56 l • 01 
TOT AL 1 0 1. -h 9 • L1- 2 10 2 .. 1 8 1 0 1 • 52 99 .. SO 
D l- 1 
'...) 3 . 7 1 • ? :1 .. 7 4.2 2 .4 
U 2 o . o o . o o~ u o .. o o. o 
Ll 1 2 ':l . O l ( , 4 0 2 1 {~. 0 7 9.0 c33 ... 0 
L) 7 .. . 1 .• () 1 9 . 0 8 .0 9 . 0 
Z -i. l f>"+. O 3 .3 9 .. 0 43.0 60 . 0 6 7. 0 
S P 1 1 4 .. 0 1'17. 0 35.0 6 1 .• 0 4 ' . 0 
r - 2 1 r.} • 0 l 1 0 . 0 33 CJ • 252 . 0 293 . 0 
z . F-3 . 0 39 . 0 4 l • 0 27 .0 o.o 
c u 2 2 . 0 34 . 1 9 .0 1 8 . 0 2 1. 0 
8 ·' 
" 
S d 4 . 0 S9 P . 0 1 24 . 0 229 .. 0 1 82 . 0 
T t- : 0 . () o.o o . o o.o o.J 
·i O . • 0 4 . 0 2 . 0 8 . 0 1 • 0 
hi i3 14 .. 0 5 . 0 1 5 . 1 3 . 0 1 • 0 
GA l 4 . 0 1 8 $ 0 2s . o 22 . 0 2 l. 0 
Pu 3 - .. o ::-so . o 2 6 . 0 28 . 0 25.0 
'-Jl 6 . 0 1 e 0 7o0 1. 0 3 . 0 
L A o . o . ') o . o o . o o . o 
7 • ·..) l • ·J R . O 6 . 0 7.0 
v 32 .0 3. 0 6 . 0 9 . 0 8 .0 
y o . o 0 . 0 o . o o . o o.o 
F 8 1 1 • 0 l i ::> . J 594 . 0 68 . 0 568 .0 
.E 0 '"' • v o.o 0. 0 o.o o.o 
184 
i\J:N 0~~ CJ U K GRA N l T E 
s '-1?L E 1 7 00 42 17 0 J
74 3 1 7004 4 l 700 45 1 700 47 
pE RCEN T 
SI D2 7 • 2 0 7 4 . '") 0 7 4. 5 0 75.2 0 75 .1 0 
AL 2G3 1 5 .. 6 0 1 5 . 2 0 1 4 .. 6 0 1 1~. 90 14.50 
F E 2 03 0 . 1 5 0 .. 1. 1 0. 1 ) o .• 24 o . zs 
EO 0 . s: 0 . ·~ -+ 0 . 9 0 0.31 0. 8 7 
MGO 0 . 2 9 0 . 31 0.31 0. 1 1 0 . 35 
C AD 0 . 6 <:; 0 .. 6 3 0. 6 3 0. 6 1 0.60 
i A2 ll 3 . 68 3 . ".) 1 3 . 5 8 4.72 3.47 
K 2 0 • 6 5 4 . c3 .... 4 . 8 7 3. 0 6 4 . 8 
TI 02 0 . 1 5 0 "1 7 0. 1 5 o. oz 0 .. 1 7 
t-1 ' 0 0 .. 0 4 0. 05 0 .. 04 0.04 o. 3 
P ? n::, 0 . 1 3 0 . 1 0 0.17 ~, 0 .. 1 9 o. 6 
L 0 I 1 • 3 1 • 1 0 1. 0 8 0. 9 7 1. • 5 
T OT I'~L 101. 4 7 1 0 1. 9 8 101 .. 0 2 1 00 . 3 7 1 1. --' 3 
PM 
lJ I+ • 0 3 . 3 .... • 9 2 . 3 4 .. 1 
U 2 o . o o. o 0 . 0 o . o o . o 
L I 1 07 . 0 7 7. 0 74. 0 32 .0 1 1 9 . 0 
BE 1 0 . 0 8 . 0 9 .. 0 9 .0 6 .. 0 
z ;~ 71. :.) 66 . 0 6 7.0 25 . 0 7 z. 0 
S f:{ ~ o . o 5 3 .. 0 50 .. 0 2 1. 0 32.0 
R:-' 3 1 l • 0 3 1 3 . 0 3 1 • 0 1 80 .. 0 345.0 
z ~o . o 1 • f) 5 2 . 0 25 . 0 43. 0 
c 2 l .. 0 2 t • 0 1 -·" 0 17. 0 1 8 . 0 
BA 1 9 0 ... 0 2 1 1 • 0 1 9 1. 0 1 9 . 0 1 St4-. 0 
T H O o O o . o o . o o.o o. o 
~IJ 4. :_) 2 . 0 2 . 0 6 . 0 2 . 0 
i3 i 7 . J 1 5. 0 1 3 .. 0 1 8 . 0 1 8 . 0 
• A 2 7 . 0 25 .0 2 .. 0 2 1. 0 24 . 0 
P R 26 . 0 2 3 . 0 31.0 22 . 0 22.0 
1 8 . 0 4 .. 0 7.0 4.0 • 0 
L A o . o o . o o . o o.o o . 
c . 1 1 • e .o l • 0 s . o s . o 
v 
• 0 7 .,0 1 3 . ~ 2 .. 0 1 1 • 0 
y o . ' 0 . ' o .. o o. o o.o 
F 83f) . 0 7 0 8 . 0 6 .3 2 .. 0 6 57.0 70 8 .0 
~ o . o A • • .J 0 . 0 o . o o.o 
185 
N\'J BF~ OOK GRAN 1T E 
5 f~PL ~ 170 058 1 7005 0 17 0060 1 70061 l 7 062 
PE RCFNT 
S I 02 7 2 . 60 7 "3 .40 7 3 .7 0 7 5 . 4-0 7 2 .4 0 
AL 203 1 4. c- o 1 ~~ • 9 0 1 4 . 2 0 14. 50 1 4 .3 0 
FE2 03 0 . 22 0 .. 17 0. 2 1 0.1 8 0 .19 
FED 0.7 4 1 • 0 7 0. 98 0. 2 3 1 • 1 8 
f'1GO 0 . 29 0 .. 43 0.,33 D.14 0. ~~ 4 
C t-0 o . ~ 4 0.7 5 O . A3 0.4 8 . 84 
NA20 3 . 6 6 :; . 23 3.53 4. 5 3 . 17 
K 2U 4 . 85 5 . 36 4. 1 3,. 85 5 .. 34 
TI 02 0 • I. 1 0 . 1 6 0 . 1 5 0.04 0.20 
. ' NO 0 . 04 0 . 03 0. 07 o .. o 0. :)5 
o. o 1 /I" P20 5 0 .. 1 3 0 . 0 1 o.o s 0 .. 1 5 
L OT l • 0 L1- 1. 0 3 l • l 4 0. 94 0 . 95 
TOT AL 99 . 22 1 00 . ~4 99. c (;. 100.4 2 99 .. 2 1 
p ;A 
u 2 . 9 3 . 6 4 o 4 2.6 2 . 
-
U2 0 . 0 0" 0 o . o o .o o .o 
L I 7 2 . 0 85 . 0 1 4. • 0 12 8 . 0 9 3.0 
tiE 8 .. f ) 7.,0 f\ . 0 8 .0 7.0 
ZR 5"' • 1.) 10 2 . 0 7 8 . 0 22.0 1 09 . 0 
s 42. 0 55-eO 36 . 0 • 0 6 • 0 
RQ 23 <) .0 2:30 . v 37 f+ . 0 3 Ll- 9 • 0 
-
s . o 
z l 50 . 0 7.0 D~'l- • l 3 1. 0 5 7.0 
cu 1 9 . 0 22 . 0 1 7. 0 l 3 . ') 1 9 . 0 
BA ? } 2 . 0 288 . 0 1 5~"1- . 0 7. 0 320 .0 
T i-• 0 . ') o .. o o . o o.o o.o 
7v10 4.0 2 . 0 t.;. . 0 4. 0 4.0 
, J B 1 3.0 14. 0 22 . 0 1 R o 0 1 5 . 0 
GA 23 0 22 . 0 2C . O 27.0 26 .0 
P:J 26 . 0 35 . 0 2 5. v 9 . 0 4 1. 0 
I 7.0 s . n l .J .. O 8 . 0 9 . 0 
L •'\ o . o o . o o . o o . o o.o 
c s . 1 • n 4 . 0 7 .. 0 2.0 
v l 0. r 1 9 . \) 1 2 . 0 1 • r. 17. 0 y 
o.o o . o o . o o . o o .o 
F S f ) 2 • 454 . 0 84<'::5.0 645 . 0 6 1 .. o .... 
C F: o . o .. o • 0 o . o.o 
186 
N :t. B f-<OOK G P Al\l I T 
SA I-1PL E 1 7 I 7 6 1 7 0 11 2 1 7 011 - 1 7 0 11 4 1 70 11 5 
ERCEN T 
1 0 2 7 3 . 3 () 7 4- .1 0 7 3 . 1 0 75 ... 5 0 7 2 .1 0 
AL 2 U3 1 4 . 2 0 l 4 . 1 0 14. 1 0 13. 9 0 1 4.30 
F E20 3 <J. 39 0 . l ::.! 0.20 0 .. 2 3 0.35 
::o 0 . 9 1 0 . 52 1 .• 2 3 0 . 86 0 .. 8 8 
,\1\ GO 0 • . 8 e 1 7 0 . 54 0. 3 8 o. 4 0 
C Au 0 .7 6 0 . &3 1 • 3 ( ) 1. 0 4 1..1 9 
I A2 0 3 . l 1 3 . 3ct 4 . 1 1 3 . 9 8 4 .3 2 
K2 0 5 . 5 3 5 . 7 6 3 .7 6 3. 98 3 .. 8 6 
T r o 2 0 . 1 6 0 . 1 0 0 .1 9 ~" 0. 1 5 0. 1 6 
. . NO 0 . -:: 0 . 0 1 0..,03 0.0 2 0 . 0 8 
P 2 0 5 0 . 1 5 0 • 1 1 0 .. 0 5 o.o1 o . o s 
L OI 1 .. 3 4 0 . 7 0 0 .. 9 4 0. 8 1 0 . 8 9 
TOT AL 1 0 0 .. 3 6 9::j .. 11. q g . ,- 1 LOO . B6 s . s s 
D Ot.,/1 
u 4 . 1 1 • ' 2 • ,: 2 . 6 B . 9 
U2 o .. o o . o o . o o . o o . o 
LT 3 6 .. 0 I~ 6 • () so . o 5 7 .. 0 B 7 . 0 
E:3 E. 1 6 . 0 ~) • . 0 :> . v s .v 6 .0 
l P g;,_. 0 4 l • 0 9 ~~ . 0 86 .0 e e . o 
7 8 . 0 50 . 0 2 t .J . o 1 8 1. () l t.. O. O 
z ? r::- .o 1 7 8 . 0 1 49 . 0 14 8 . 0 1 9 6 . 0 
ZN ~) 1 • 0 ? l • 0 5 2 . 0 4 2 . 0 52 . 0 
c u 2 . 0 1 0 . 0 26 .. 0 2 2 . 0 25 . 0 
' A 4 0 3 .. 0 l C.J ~ O 63 0 . 0 5 G7. 0 3 9 . 0 
TH o . o 0 • . o .. o o .. o o . o 
,1\Q 2 .. 0 2 . 0 4 . 0 l. 0 1. 0 
N iJ 1 2 . 0 7. 0 1 :1 . 0 1 0 . 0 1 .3 . 0 
A 22 . 0 1 d . (j 2 2 . 0 2 0 . 0 2 2 . 0 
p 4 • 0 {~ 3 . 0 21 .. 22 . 0 2 c . 0 
I l 2 . t l • 0 2 . () 1 . 0 3 . 0 
L A o . o o . o o . o o . o o . o 
c ~~ 7 . 0 4 . 0 4 . 0 8 . 0 1 0 .0 
v 
_2 . 0 3 . 0 ..... 2 . 0 1 6 . () 1 6 . 0 
y o . o () • 0 o .o o . o o . o 
fJ- 2 9 . 0 20) . 0 5 0 !::> .0 1 1 9 . 0 72 1.0 
C E o .. r 0 . 0 o.o o . o o. o 
187 
NW 8K 00K GR NITE 
S AMPLE 17011 6 1 701 8 1 1 7 0 2 01 1 70212 17 021 3 
P ERCEN T 
Sl0 2 7 0 . 40 74 . 60 73.7 0 70 .. 30 71.20 
AL 203 1 · . 70 1 3.4 0 1 4 .. 00 1 5 .. 7 0 1 5 . 5 0 
F E203 0 . 34 0. 1 0 0. 2 9 0.53 0 . 33 
F EU 1. 7 0 1 .. 1 1 1. 2 6 1. 69 1 • 7 0 
~-1 GO o . 7 b 0. 37 0 . 53 0 . 95 O. S/ 4 
C AD 1. 2q o . eo 1. 23 2 . 52 2 . 24 
~A 2u 3 . 55 3 . 29 3 . 5 3 4 .1 8 4. 1 3 
K 20 5 . QP, 5 .7 7 4.9 9 3.40 3.::::> 
T l02 0.40 0 .• 1 5 0 .. 2 1 0.34 o. - 5 ~~ 
MNO o . os 0 .. 0 1 0. 04 0.0 4 0.8 3 
P20 5 0. 1 i~ o.u 2 0 . 1 3 0. 2 1 0. 2 1 
L OI 0 ~ .__.<:;' 0 . 3 0 . 6 4 1. -r 4 0 . 8 1 
T OT t·L ~.q. 3 ') C"l9 • C; ~') 1 00 • . 5 101. 60 1 01 . 00 
p IJI 
u a . -r 3 . 1 4 . 7 4 . 0 t.. . I 
u ;: o .. o o.o o . o o.o o . o 
L! 53.0 5 1 -.. f ) 5 . 0 82.0 1 2 • u 
UE s .. o 3 . ) 5 . 0 s . o s .. 0 
Z f.> 22 7 . 0 138 .. •J 1 50 . 0 1 5 l • 0 1 4 1 • . 
-,., l 3(1 . J 13 0.{) 1 t 1 • 0 l ;-1 3 . 0 389 . 0 
Ru 1 S'b . O 16.::> . o 1 93 .. 0 1 34.0 143.0 
ZN ()q '" 0 3 1 • 0 3 • 0 64 . 0 62 . 0 
c I 2 1~0 1 7.0 20 . 0 5 9 . 0 35 . 0 
tL~ 71 3 ~ 0 6 " 0 . 0 55 1. 0 64 J . 0 698 . 0 
T H o.o o .. o • 0 o . o • 0 
MO '+. 0 6 . 0 2 .0 2 .. 0 2 . 0 
. i:3 1 1 • 0 1 0 .. 0 10. 0 9 . 0 1 l • 0 
G :\ 22 . 0 1 7 . 0 1 7 . 0 24. 24.0 
Po 30 . 0 50 . 0 49 . 0 1 • 0 28 .0 
t I 7 " 
.• v t3 . J s . o 3 . 0 3 . 0 
L /\ o . o o .. o o . o o . o o.o 
c f-' 
e 0 1 1 • 0 6.0 l 1 • 0 6 . 0 
v 36 . 0 2 2 . ' ) 1 6 . 0 {~ 2. 0 42 . 0 
y 0 . ,) 0 .• . () o . o o.o 
F 4 30 . 0 1 50 .. 0 260.0 657 . 0 606 . 0 
CF 
• 0 o . o o. o o . o o.o 
188 
NW l-3k:OOK GRA!\.J lT E 
s :-.1 PL r:: 1 7 0 2 l 1f- 17 0217 17 021 8 17 0236 l 7 02 3 . 
p EqC~NT 
SIU 2 7 0 . 5 0 7 3 .. 50 7 2 . 0 7 2 . R O 7 3 . 30 
l\L 283 l S ., L~O 1 4 . 00 14. 5 0 1 LJ. • 4 14.40 
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! P '\1 
u 2 . 4 3 . () 2 r• . ., 3.7 3. 
U 2 o . o o.o o . o o.o Oa O 
L I 52.() 5 0 .• 0 3 ~1 . 0 36 . 0 36 . 0 
A . O 4 .. 'J 9 . 0 7.0 7.0 
ZT 1 ~ 0 SG . O so . o 4 8 . 0 45 . 0 
S P 3 7. () 66 . 0 .3 t • 0 25. 0 26 . 0 
i?n 1 75 . 0 2 1 3 . 0 tr:H5. 0 1 88 . 0 1 7. 0 
ZN 32 . 0 46 .. 0 3 /'" . 0 39.0 3 8 . () 
cu 1 5 " 0 2 1. 0 1 9 . 0 20 . 0 1 7. 0 
Gr, i , 3 0 2(.) • 0 17 5 . 0 1 4 -/.0 1 3 .0 
T H • 0 u.o o . o . o o.o 
~·1 (J 1 .. 0 4 . 0 l. 0 2. 0 2 · 0 
t.J 1 2 . 0 1 2 . 0 1 t~. 0 1 6 . 0 17.0 
GA • 0 20 . 0 22 . 0 24 . 0 24 .0 
P C I~ 7 • 0 60 .0 3£1- . 0 38 . 0 4 o. 0 
N l 1--t- . 0 7 . 0 (, .. 0 7.0 4 . 0 
LA o . o o . o o . o o. o o . o 
CC "' b . O s . o 7 . 0 l 2. 0 1 • 0 
v 5 . 0 . • I) J .O 1. 0 6.0 
y o.v o . a o . o o . o o.o 
2:-'2 . 0 3 ')4 . ( 220 . 0 289 . 0 240 . 0 
CF o . o 0 . o . o o . o o.o 
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Mi SS I NG I SLA ND GR DR 
SA MPLE 1 7 0 3 59 1 703 6 3 1 7 03 6 6 1 70368 1 -r 03 7 9 
P E F~CEN T 
5 I O 2 6 7 . 20 66 . 00 6 6 . 2 0 65 . 7 0 6 . oo 
AL 2U3 1 5 . 20 1 6 . 00 1 5 . 90 1 5 . 6 0 1 5 . 8 0 
F E2 03 0 . 33 () .. 6 2 0 . 6 0 0 .• 6 7 0 . 35 
F E O 3 . 1 4- 3 . 27 3 & 1 l f. 2 . 93 3 .1 7 
MG u 2 . 0 .5 2 . 32 2 . 2 4 2 .l 5 2 .1 2 
C A U 3 . ~- 7 3 . 83 3 . 62 3 . 33 3 . 8 4 
NA LO 3 . 1 3 3 . 32 3. 28 3 . 23 3 . 38 
K2C 3 . 82 3 .71 3 . 6 4 4- . 1 1 3 . 46 
T l 02 0 . 60 0 ~ 6 7 o . 7 0 . 61 0 . 63 
Mf'·lO o .o 0 . 0 8 o. o s J~ o . o -r 0 . 0 7 
2 C5 0 .1 5 0 . 1 3 o .t e 0 .17 0 . 0 7 
L UI 0 .. 8tl 1 .. 0 6 l. O G 1 • 1 1 0. 8 4 
TOT AL 1 0 0 . 28 1 0 1. 0 1 lO O . b l 9 9 . 6 8 99 .7 3 
p j,j 
u 2 . 3 3 . 2 3 . 0 4. 0 2 . 3 
U 2 o . o o . o o . o o. o o . o 
L T 49 0 s o . o 50 . 0 4- 8 . 0 4 8 . 0 
BE: 3 . 0 3 .. 0 4 . 0 3 . 0 f+. 0 
Z H l - 2 . 0 1 9 1 • 0 1 9 1 .. 0 17 5 . 0 17 9 . 0 
S P 22 4 . 0 236 . 0 2 1 3 . 0 255 . 0 20 b •. o 
RR 1 50 .. 0 1 44.0 1 4 0 .0 1 53 . 0 1 -' .. ~ · 0 
Zd 5 1. 0 5 7 . 0 6 0 . 0 53 . 0 5 3 . 0 
c u ~ l • 0 2 4 . 0 33 . 0 28 . 0 
-10 . 0 
8t"\ SP-4 ,. 0 5 6 5 . C 5 1 1 • 0 5 8 3 . 0 s ~J 1. o 
T H o .. o o . o o . o o . o o . o 
ll (l 1 .. 0 6 . 0 4- . 0 4- . 0 2 . 0 
[3 1 1 • 0 1 2 . 0 1 l • 0 1 0 . 0 9 .0 
A ~ 1. 0 22 . 0 2 1 . 0 2 0. 0 2 0 .. 0 
p [-3 
.3 3 . 0 2 2 . 0 24 . 0 34 . 0 2 3 .0 
NI 1 • 0 l 7 . 0 zo . o 1 9 . 0 1 8 . 0 
LA . () o .. o o . o . o o . o 
c !-) 3 ~ . 0 43 . 0 31 . 0 26 . 0 3 8 . 0 
v 7 0 . 0 7 2 . 0 6 . • 0 59 . 0 7 5 . 0 
y o . o o . o o . o o. o o . o 
F A. u b ? O . O 58 1 • 555 . 0 · 64 5 . 0 
CE o . o o . o o. o o . o o . o 
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E t~ C -:: N T 
Sl Ue 
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L O I\J -J ON D D i OR I T E 
S A:-'IPLE 11 038- 1 17 0382 1 7 03 ? '71 
P EkC E NT 
SI 02 56 . 20 5 , .. 9 0 56 . 5 0 
AL 2U3 1 5 .7 0 1 7 . 2 0 17. 6 0 
F E203 o . P4- 1. 52 1 • 3 6 
ED 5 . 9b 6 . 0 ~3 5 . ::/d 
fJ1 GO 7.7 9 5 . 4 5 5 . 4 0 
C AD 6 . 7 8 7 . 06 7. 0 7 
NA 20 2 . 7 3 3 . 2 3 3 . 28 
K2 0 1 • 6 1 1 • 0 1 1. 6 0 
TI U2 0 . 94 1 • 4 l 1. 3 8 II' 
MNO 0 . 1 2 0 .1 5 0 . 1 
P20 5 0 .. 2 0 0 .. 37 0. 3 8 
L OI 1 • 4 4 0 . 93 1 • 1 0 
T OT AL 1 J J e 3 1 00 .. 9 1 1 0 1.7 9 
PP jVl 
u 3 . 0 2 . ! 2 . 0 
.. ~ vc o . o 0 . o . o 
L I 2(:, ., 0 30 . 0 z p, . o 
BE 7 3. 0 .. 0 _, . 
zr~ 1 3 8 . 0 1 2 7 . 0 133 . 0 
SR 306 . 0 3 4. 0 3 65 . 0 
RB 6 1 .. 0 57 . 0 53 . 0 
Z I\J 7 6.0 S 7 . 0 83 . 
cu 46 . 0 f;. 6 . 0 ~a . 
BA 2 7t. o 33 7. 0 3 5 1. 0 
TH o . o o .. o 0 . (} 
MO (~ . 0 6 . 0 4. 0 
N t-3 1 1 • 0 1 1 • 0 1 ? . 0 1. 
Gl\ 25 . 0 2 • 0 2 3 . J 
P R 14 • . 20 . 0 • 0 
I 1 46 .. 0 52 . 0 50.0 
L A o . o o . o o . o 
• C P 2 5 9 . 0 1 1 3. 0 l OC . O 
v l ( , 0 . 0 1 3 2 . 0 1 7 H . 0 
y o . o 0 . 0 o . o 
F 
· 2 6 . 0 50'--> . 0 4 3 0 . 1) 
CE 0 . f) • 0 o . 
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RO C K Y BU TT Orvi T d A.L fT E 
S A-1°L E 1 70 ...:>5.3 170 354 1 7035 5 170356 17 03 7 
PE ~ C =:: N T 
SI Ll2 65 ... RO 65.60 6 7. 8 0 6 5 .. 90 64 .40 
AL 203 1 7.00 1 6 . 90 1 6 .. 5 0 17. 00 17.40 
F E203 0 . 33 0. 4 2 0 . 3 5 0 .. 28 0.33 
FEU 2 .. 97 3 . 22 2 . 34 3.2 6 3 . 67 
MGU 2 .. 07 2 . 36 2.01 2 . 3 7 2 · ~· 5 
CA C 5 . 0 2 4 . 7 1 4 . 62 5 .1 3 4 .. 8 
NA 20 3 . 23 3 . 1+9 3.3 3 3 .1 8 
K2D 1 • -·· 1 2 • t) L~ 1 • 7 0 1. 9 4-
~#' 
T I02 0 . 4 o . so 0. 39 0. 53 
'v,NQ o . oe o.o u 0.0 0 0.0 8 
P205 0 . l. 1 0 .. 1 4 0 . 1 0 0. 1 2 · 0 . 09 
L DI 1 • 5 0 . 93 l . 9 B 1 • 1 2 2 . 03 
T TAL 1 00 . 32 1 00 .. 37 •1 0 1 • 6 8 10 0 . 1 1 0 . 9 
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u 2 . 2 2 .. l 2 . 5 l. 4 2. 2 
u -, 
'-- :::> . o 0. 0 .) • 0 o . o • 0 
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~J E -=~ . 0 4 . 0 · 3 . 0 .3 .0 3 . 0 
z q 1 04 . 0 l 1 7 .. 0 1 0 2 . () 10 6 . 1 25 . 0 
S f' 253 . 0 2 .39 . 0 2Ll- 7 • 0 260 . 0 32-::> . o 
Rd S6 . 0 94 . 0 59 . 0 85 .0 6 4 . 0 
ZN 56 . 0 6b . O 57 .0 65 . 0 6 1. 0 
cu 2B . O 20 . 0 22 . 0 28 . 0 3 1. 0 
R 3 1 3 .. ~ 34~ . 0 340 . 0 3 81i. 0 -,. 8 . 
T H o . o o . o o . o o.o o . o 
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t . o . o 0 . 0 0 .:) o . o o . o 
c l< 2 1. 0 ;. s . o 28.0 2b . O 23 . 0 
v 7 6 . 0 7 6 . 0 7 • l) 80 . 0 92 . 0 y 
o . o 0 . 0 o . o o .. o o.o 
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PE hiCEN T 
SI02 65 .7 0 6 6 . 50 64 . 3 0 64 . 50 64.70 
AL203 1 6 .7 0 1 7 .. 1 0 1 7.20 17 .. 30 17. 0 0 
F E20:3 0 . 41 0.37 0.41 0.61 0.39 
FE O 3 .1 9 2. B 9 3 . 0 6 3 . 28 3 .1 2 
~t.GO 2 .. 2. 7 2 .. 1 1 2 . 22 2 . 36 2 . 33 
C AD /J.. 6 0 "1-. 6 3 4 .. 63 4.55 4 .7 9 
NA 20 3 .. 23 3 . 31-f. 3.41 3 . 23 . 35 
K2 0 1. 95 2 • 1 ..:~ 1. 8 7 1. 9 3 3 . 3 1 
T 1U 2 0., L~ 9 0 . 4 ::~ 0 . 4-0 J~ 0 . 56 0 · "~6 
i'-'1NO 0,.07 0 . 0 6 0.07 0.06 o . oe 
P2 U5 0 . 1 ? 0 .. 08 0.09 0 .1 5 0 .1 2 
L OI 1. 3f', 1 • (l 0 1. 50 1.7 5 1. 45 
T OT AL 1 0 0 .11 10 0 . b5 99 .7 5 1 00 .. .. ::L5 1 0 1. 60 
PP . i 
u 1. 5 l • 5 2 .7 1 • l .. 5 
U 2 o . o o . o o . o o . o o . o 
L I 39 . 0 3( • ('I 38 . 0 54 . 0 32 . 0 
GE 2.0 3 .. 0 3 . 0 3 . 0 2 . 0 
Z:k 1 0 5 . 0 9 ~ . 0 1 04.0 1 29 . 0 1 0 • 0 
S P 266 . 0 24-j.O 254.0 345 . 0 -- • 0 L 
F-: 13 Bb .O 8 1. 0 73.0 7 9 .0 7 /~ . 0 
ll'i o . o ~s . o 5e . o 64 . 0 - 1 • 0 
Ctl 29 . 0 25 . G 26 . 0 25 . 0 2 7. 0 
8A 357.0 302 . 0 3tJ. 1 • 0 395 . 0 354 .0 
T H o.o o.o o. o o . o o . o 
~-10 2 . ( 2.0 8 . 0 {f.. . 0 4 .. 0 
~ [i s .o -1 . 0 e .o 9 . 0 B .O 
GA 2 3. 0 2 (j. . 0 24 . 0 24 . 0 2 4 . 0 
r 'l 2 0. 0 1 7. 0 1 3. 0 9 . 0 5 . 0 
N I 1 0 . 0 >] • 0 1 l. 0 1 0 . 0 l 2 . 0 
L .:\ o .. o 0 . 0 0 . 0 o.o o . o 
CR 2 4 . 0 1 3 . 0 24 . 0 1 7. 33 . 0 
v 7 f:- .. O 61~. 0 7 1 • 7 5 .0 8 3 . 0 
y o . o o . o o.o o . o o .o 
32 t~. u 2 f ':S. 0 250 . ! ) 1~9 2 . 0 319 .0 
C F o.o o . J o . n o . o o . o 
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ROCKY BOT TOM T ONAL I T E 
S AMPLE 1 70 ::.16 5 170367 1 7 03 69 17 03 71 17 03 7 3 
P ERCEN T 
SI D2 62 . 00 63 . l 0 6 4- 00 6 4-. 90 63 . 6 0 
AL203 l B .. 1 0 1 5 . R O 17. f, O 17. 3 0 17. 30 
F E2n3 0.3 6 0. 43 0 .7 0 0. 5 4 0. 5 1 
FE:. O 3.42. 2 . 88 3 . 08 2 .7 8 3 . 2 7 
MGO 2 . 45 2 -.. ') a -.JL 2 . 4-0 2 .1 9 2 . 79 
C AO 5. 7 2 5 . ~4- 5 . 1 :J 4-.7 3 4. 32 
N A2LJ 3 . 35 3 . ~4 3 . 30 3 .4 2 3 . 45 
K 20 1. :35 1. 45 2 . 0 8 1. 95 2 . 4 4 
TI 02 0 . 52 0 .• 1-4- 2 0 . 4L 0.44 0. 4 7 
MNO 0 .. 0 9 0 . 08 0. 0 7 j# 0 ·0 0 8 0. 0 3 · 
P2 Cl 5 0 .. 09 o . o ? 0 .1 0 0 . 1 2 0.1 2 
L OI l • <:; c 1 • . f-) 7 1 • 3 p, 1. 6 7 1 • 4 0 
T OT AL 99 .. 1<- 1 1 00. 6 0 1 00 . 36 100.1 2 99 .. 7 5 
P Pflrl 
u 2 · 0 1 • 1 2 . 0 2 . 3 4. 0 
U ? o . o o . o o . o o. o o . o 
L I 33 . 0 35 . 0 44 . 0 4 -, f'l 
-.J e v 5 8 . 0 
l:l E 4 . 0 2 .. 0 2 . 0 3 . 0 2 . 0 
l J l 1 a . o 1 0 4 . 0 11 6 . 0 1 06 . 0 1 03 . 0 
S R 3 0 lc 0 3.2 1 .0 262 . 0 253 . 0 3 0 4 . 0 
R r~ 40 .. 0 5 8 .. 0 84 . 0 6e..o e. 9 . 0 
?. tJ 5 .. 0 56 . 0 59.0 53 .0 6 1. 0 
c u 36 ~ 0 3 1 • 0 27 . 0 2 5 .0 .3 2 . 0 
1-JA 2 36 . 0 22 6 . 0 3 1 9 . 0 345 . 0 382 . 0 
H o.o o .. o o. o o . o o . o 
I 0 6 . 0 _L • 0 1 • 0 1 • 0 2 . 0 
f\JP. 7 r 
. v .. 0 7 . 0 7. 0 9 .. 0 
G A 25 . 0 22..0 24 . 0 2 1. 0 23 .• 0 
P B 5 . 0 l 4 . 0 1 (J • 0 1 9 . 0 1 2 ... 0 
I 14.0 1 1 • 0 1 0 . 0 8 . 0 l 2 . 0 
L A o.o o . o o.o o . o o. o 
e n l 0 . i.) l R . 0 1 5 .. 0 24.0 29 . 0 
v 
'=12 . 0 6 7. ) 73.0 69 . 0 77. 0 
y 0. () o . u u. o o . o o . o 
F 20 1+ . 0 267 .. 0 267.0 .Jl9 . 0 333 . 0 
CE o . o 0 • I) o.o o . o o .o 
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M · T T HE WS POND G F. D R 
5 A ~_,PL E 1 -r o 3 3 1 1 7 J3 3 2 1 -, 333 1 703 34 1 7 0.3 3 
PE R CEN T 
sroz 6t\ .. 70 ncl.()o 69. 1 0 68 .10 68 . 9 0 
AL203 1 6 . 3 0 1 5 . H O 1 6 . 40 .1 6 . 30 15. 6 0 
FC203 0 . 54 ) • /~ 2 0 · ~- 2 0 .. 5 7 0.37 
FED 1 o 9 0 1 .. '-{ 8 2 .1 2 1.. 9 1 1. 7 2 
I'-1GO l . 3 3 1 .. 23 1 • - (, 1 • ..j 7 1 . 28 
CAD 3 . 6 0 3. /.;. 8 3 . 29 3.4 9 3 . 5 0 
NA20 3 . 5 1+ 3 . 4 7 3 .7 0 3. 8 3 .. 0 
K20 2 . 77 2 . :_;, 9 2 . 54- 2 . 6 1 1 . 3 2 
TIU2 0 . 3q 0 • .:3 7 0 . 3 E1 
I" 
o·. 3 7 0. 2 7 
MNO 0 . 07 o . os 0 . 06 0 . 06 0.0 5 
P205 0 . l b 0 . 1 6 0. i 0.17 0. 1 t~o 
L O I 1 • 0 0 1 • ;-~ 5 1 • =s 5 1. 53. 1 . 06 
r OT 1\L 1 0 ') • 2 () ()9 . 6 0 1 00 ·• 8 0 99.96 )8 . 2 1 
PP'' 
u 1 ~ 0 2 . 4 1. 5 2 . 2 1. 5 
U 2 o.o o . o o . o o .o o .o 
Ll 4 7. 0 I+ 1 .. 0 so. 46 . 0 4 9.0 
BE 4 . 0 .. 0 4 . 0 3 .0 3 .0 
ZR 1 1 5 . 1 27.0 1 3t5 . 1 26 .0 l ..:> . 0 
SP 2b6 . o 2 '~ 0 . ) 2Q L~ • 23d o 0 ~'3 6 .. 0 
-<IJ 1 0 1. () S)2 ... 0 '-) 1. 0 9 8 .0 7 B .O 
!.N 52 .. 0 4-9 . 49 . 0 55 . 0 r- • 0 
cu 2 1 • 0 2 1 • 0 2 4. () 2 4. 23 .0 
RA 4 7 0 . ,_ 476.0 44-8 .. 0 442 . 0 3 3 .0 
TH 0"0 0 . - o . v o . o o.o 
MU 4 . 0 4 . 0 z . o 4 . 0 1 • 0 
NH t 0 . 0 () . 0 8 . 0 8 . 0 8 . 0 
GA 23 . 0 2 3. 0 23 . () 25 . 0 22 .0 
P3 l 8 . 0 1 8 . 0 1 --~ • 0 1 g . 0 14. 0 
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FE203 0.22 o~ s o 0. 0 1 0.41 0.48 
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MGO 1. 2 1 1. 22 0 .. 86 lo34 l • .34 
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TI 02 o. :.-!2 0 . 35 o . 22 
jjo 
0. 35 0 . 38 
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z f"-( 1 1 2 ... 0 1 2 1 • 0 9 5 . 0 1 26 . 0 1 29 . 0 
s u 2 <-) 4 . 0 2 7 6 * 0 303 . 0 2 7 8 .. 0 2 7 2 . 0 
RP. 9 7'$ 0 90 .. 0 85 . 0 8 1 .. 0 83 . 0 
ZN 54 . 0 l}. 7. 0 4 2 . 0 5 1. 0 so . o 
cu 25 .. 0 24 . 0 22 . 0 23 . 0 2..3 . 0 
8A 36~ .. 0 454 . 0 '+ 5 7. 0 386 .. 0 42 8 . 0 
T H o . o 0 . 0 o. o o . o o.o 
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'•. 0 4 .0 
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f H 1 3 . 0 1 7 . 0 1 5 . 0 1 4 . 0 l 4. 0 
'v1 0 ? . 0 2 .0 2 . 0 2 . 0 3 .0 
3 l 6 . l 8 .• 0 1 3 . 0 20 . 0 1 8 .0 
GA 1 7. 0 1 6 . 0 2 l • 0 1 9 . 0 1 9 . 0 
[\ 2 1 • 2 1. 0 2 :~ . 24.0 23 . 0 
N l 34 . 0 5 . J 8 . 0 3 1. 36.0 
L A 2'-i ·O 32 . 0 . R . 0 3 1 • 33 . 0 
C R 1 . 0 1 • 0 1 • 0 1 • 0 8 .0 
v ) ~ • 0 43 . 0 6t.J . 49 . 0 69 . 0 
y 
•') 7 • 55 . 54 . 0 42 . 0 45 . 0 
F ~ u • 0 552 . 600 . 4 8 • 640 . 0 
c ~ 1 ..:15.') 1 0 7., () 13 1 • 0 14 3 . 1 28.0 
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AR T R I O GESER Y H GRN T 
S AMPLE .1 7 0 4 B::) 1 7 0 4 84 1 70485 17 04 86 1 7 0 4 8 7 
P Ef:'CE NT 
SI 02 69 . 0 0 6 7 . 80 68 .. 00 6 6 . 70 67 . 30 
AL203 1. 5 . 30 1 5 . 55 1 4 .. 5 0 15 .. 55 1 5 .. 2 0 
FE20 .3 0 . 8 1 0 . f+ <) 0 . 6 6 0. 4 8 0. 4 4 
F EU 3 . 0 $ 2 . 9 0 3 . 30 3 . 70 3 . 2 3 
MGO 1. 2 0 1 • 6 l 1. 4 2 l. 52 1 . 2 7 
CAO .2 . 1 6 2 . 1 9 1. 5 7 2 .. 1 1 1 • 6 2 
NA20 3 . 2 1 3 .• ! 6 2 ... 8 1 2 .7 3 2 . 8 7 
K20 4 . 013 4. 1 4 4 . 0 5 3 .. 7 6 4 . 3 1 
TI 02 o . -sB 0 . 5 7 0.72 /il' 0 . 88 0 . 7 4 
:'-1 ND 0 . 0 7 0. 06 0 . 0 6 0. 0 6 o . 5 
P 205 o ~ 2o 0 . 1 6 0. 2 3 0. 1 7 0 . 2 0 
L Ol 1. 7 2 1 • 6 0 l. 6 7 1. 66 2 . 1 0 
T OT t\L 1 0 t. 5 1 1 0 0 . 23 9 8 . q 9 99 . 32 "99 • .3 3 
p p tv! 
u 4 . 5 4 .. 3 3 .4 2 . 0 2 . 1 
U 2 o . o 0 . 0 o . o o . o o .. o 
LI ~~ s .. 0 46 .. 0 3 SJ . O 3 1 .0 2 s . 0 
E3f" t; • 0 5 . 0 .3 . 0 3 . 0 3.0 
z f~ 2 1 2 . 0 1 7 6 .. 0 21 8 . 0 2 5 4 . 0 2 1 9 . 0 
S f< 1 3 9 . 0 1 5 5 .. 0 135 . 0 1 95 . 0 1 c:- 1. 0 
R O l f.) 0 • 0 1 Y 4 . 0 1 65 . 0 1 40 . 0 1 62 . 0 
Z N 4 l. 0 42 .0 4 8 . 0 47 . 0 ~~ 5 . 0 
cu 7. 0 1 <"+- . 0 9 . 0 1 2.0 1 2 . 0 
RA 5t~ ? . 0 4 99 . 0 569 . 0 95 4 . 0 7 ' 6 .. 
T H 1 {~ . 0 1 5 . 0 1 5 . 0 1 7. 0 2 0 . 0 
~0 4 . 0 2 . 0 4 . 0 6 . 0 ..3 .0 
NO 1 ..;; • l 5 . 0 2 3 . 0 1 9 .. 0 2 0 . 0 
GA 1 9 . 0 20 .. 0 l b . O 1 7.0 L9 . 0 
PO 2 7 ~ 0 29 . 0 2 • 0 2 5 . 0 21.0 
NI 3 6 . 0 3 • 0 3 i. O 36 . 0 .34.0 
L L\ 3 4 . 0 2 1 • .) 29 . 0 4 ..3 . 0 3 7 .. 0 
C R 1 • () 3 . 0 7 . 0 22 .0 7.0 
v 5 7 . 0 4 <_3 . 0 62 . 0 93 . 0 7 7 .0 
y 52 . 0 3S . 4 7. 0 3 7. 0 3 9 .0 
~ 56 • 0 4 4 0. 0 52 0.0 552 .0 568 . 0 
C r- l 1 ·-~ • fJ fH) . 0 99 . 0 1 23 . 1 55 .0 
21 ·~ 
o A <. T P 1 ') G E 8 E K Y H G , N T 
S A~1PLE 1 7 0 :s 1 7 0 4 89 1 7049 1 l 704 92 1 7 4q3 
PERCEN T 
SI02 74-. 00 69 . 80 7 4 ,. 3 0 6 9 . 6 0 69 . 0 0 
AL203 1 3 . 95 1 4. 25 13.7 5 1 4 . 50 14. 30 
FE203 o . o1 0 . 59 0. 28 o . a 1 0 . 63 
FED 1 • 0 1 3 . 0 9 1 • 1 9 3.37 3.78 
;V\GU 0 . 29 1 0 3 5 0. 92 1. 7 4 1 .. 8 
CAO 0 .• 4 5 1 • 6 s 0.4 2 1 • 6 1 o . s z 
NA2U ,:> • ~ 5 ~ 62 3 o 9 2 2 . 89 2 . 50 ...J 
K20 4 . E £'. 3 .. 0 3 2 • Ll-9 3 . -'30 4.17 
TI02 0.0 6 0 . 63 0. 1 6 0 .7 8 0 .7 8 
11NO o ~ o 3 • 0 7 0. 03 ~~ o .• 07 0 . 06 
P205 o,. zq • 1 7 0. ? 0. 2 1 0 . 20 
LOI 1. 3 7 2 .. 1 0 1. B3 1. 9 1 .2 . 3 9 
TOTAL 99 e f'>C. 1 00 • .3 4 C)Q.4 9 101.2 9 100 . 51 
PP~-1 
u ~~ e 2 a. .:J ":( t -~ · :J 3o 0 2 . 3 
U 2 o . o o . o o . o o .o o . o 
LI 38 . 0 29 . 0 2 1 . 0 37 . 0 .3 1. 0 
RF 2 . 0 4. 0 3 . 0 3 . 0 2 . 0 
Z R 
.J 1 '" ? l t1 . • 0 7 1:_~ . 0 2 2£1-. 0 23 4 .. 0 
sr 1 2 . 0 1 28 .. 0 31 . 0 1 2 8 . 96 . 0 
RB 3 4 4 . 0 11 ~5 .. 0 1 3 7 . 0 1 5A . O 1 20 . 0 
l 1 . o 4 7. 0 l 0 . 0 4 • 0 2 . 0 
cu i • 0 1 0 . 0 l .. 0 s . o 2 2 . 0 
BA ~7 . 0 5 · 3 . 0 1 29 . 0 47 2 .0 574 . 0 
TH 6 .. 0 1 5 . 0 l 0 . 0 1 t. . 0 1 5 . 0 
1-1 u ::> . e 4 . 0 3. 0 3 . 0 3 . 0 
NB 1 7 . 0 1 9 . 0 1 s . o 1 9 . 0 20 . 0 
GA 1 d . 0 l R .. O 1 ~ . 0 1 8 . 0 1 • 0 
P R 1 s . o ? t~. () 1 5 . 0 23 . 0 23 . 0 
NI ~ ; 0 0 33 .0 I q . o 36 . 0 3 1. 0 
LA l • 0 35 . 0 • 0 2 4 .. 0 37 .0 
c r. 1 • 0 l • 0 1. 0 1. 0 1. 0 
v l • 0 5 '-J . 0 l 4 . 7 2 . ~ 7 6 . 0 
y l ,. (_I 52.0 30 .. 0 4 P . Q 5 1.0 
F 6::12 . 0 4 '0 .. 0 46 0. 0 530 . 480 . 0 
c c· 1 8 1 . 0 1 3 • 0 1 83 . 0 l lj l .O 1 53 . 0 
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0 l F< T f.{ ! DGEBER Y H G R NT 
SA '4PLE 170 49 4 17 ~ 4 9 5 17 Ot~9 6 1 7 04 9 7 17 0 4 98 
P ER CENT 
5102 69 . 00 76 . 6 0 71 .. 9 0 69 .• oo 73.30 
AL203 1 4-., 95 2 -· 7 5 1 4 . 40 1 5 . 20 1 2 .7 5 
FE203 0.3 4 o.1 R 0 .. 51 0. 58 0. 1 9 
F ED 3 . S L:t- 1 . 66 2 o 5 l 2 . 82 2 . 2 1 
MGO 1 • 3 l 0.72 0 . 98 1 • 2 l 1.0 9 
CAD 2 .. 50 0 . 5 1 1. 8 0 1 • 74 0.91 
N.A.20 2 o 38 3. 1 2 3 . 1 1 3 .. 1 6 2 . 22 
K20 4- .. 00 4- . 44 4.15 4 .. t~ 9 5 .7 2 
Tl 02 0 . 8 1 0 .. 33 0 . 58 0. 6 3 0.4 6 
MNO 0.05 0 . 03 0. 06 '" 0 . 0 7 0.04 
P205 0.1 5 ') • 1 4 0 . 1 7 0.17 .1 2 
L OI 1. 3"] l 0 1 7 1. 3 0 1. 46 1. 3 7 
T OT AL 1. 00.86 lJt • 6 5 l 01 • 50 1 00 .• 53 1 oo . ea 
PP ~1 
u 2 . 1 3.3 2 . ') 3 . 1 2 . 3 
U2 o . o o ... o o . o o .. o o.o 
Ll 25 .. 0 ~ 3 . 0 20 . 0 4 8 .• 0 33.0 
BE 2 .. 0 2 .. 0 3 . 0 3 .. 0 3 . 0 
ZR 205 .. 0 l16 . 0 1 63 . 0 1 77.0 1:57.0 
SR 14 4~0 j 5 . u 1 L1- 0 .. 0 1 22 . 0 47.0 
RB l 3 7 . 0 l l 1 • () l L~ 7. o 1 84.0 1 6 5 . 0 
ZN 4~ . 0 15. 0 28 . 0 36.0 20 .. 0 
cu 1 4 . 0 6 . 0 1 • 0 1 0 . 0 1. 0 
B/\ 6C8 . 0 12 • 0 47 7. 0 47 2 . 0 603.0 
TH 1 6 . 0 1 • 0 1 6 .0 17. 0 1 6 .0 
MO .3 . 0 3 . 0 2 . 0 2.0 2.0 
NB 1 9 . 0 9 . 0 1 5 .0 1 6 .. 0 1 4. 0 
GA 2 0.0 12. 0 1 6 . 0 1 7. ;) 1 3 . 0 
P O 2 :) • 0 28 . 0 2 7.0 32 .0 26 . 0 
NI 2.13 . ~ 23 . 0 27.0 35 .. 0 34 . 0 
L t, -,2 .0 2S . 0 3 1. 0 2 1 .0 22.0 
C h! 12.0 l • 0 2.0 l • 0 1. 0 
v 7 3 . 0 • 0 '• 5 . 0 56 . 0 34 . 0 
y 2 7. 0 
' - . } 4 0 . 0 55. 0 55 .0 
F :';04- . 0 25 ; . l) 4 20 . 0 1 0.0 1 68 .0 
C t:: C).J . 'J :;,) • 0 90.0 1 52 . 0 1 68 .0 
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Pf.\ R T r< I DGEGER Y H GFNT 
S A~PLE 1 7 4-99 1.70 5 0 1 7 0"- 25 170 52 6 17 0527 
p Er~ CEN T 
SI02 69 . 50 69 .. ·1-0 66 . 40 7 6 . 6 0 7J.00 
l\L2U 3 1 • 1 0 l. .70 1 6 . 1 5 1 3 . 40 1 4 . 35 
FC2 03 0 .. 59 0 . 6 3 0. 8 0 . 20 0. 3 7 
FEO -~~ .1 8 2 .. e 6 2 .. 98 0 . 9 7 0 .. 7 4-
r-..JGO 1. 86 l .. 1 5 1. 4 8 0. 26 .. 45 
CAO . 63 1,. B O 1. 6 5 0 . 38 0 . 40 
NA20 3 . 31 2 . q4 3 . 41 3 . 1 3 3 .7 0 
K?O 3 • .J l 4 • ./J_ 7 4.04 4 . 5 £;.. 58 
TI02 0 . 5 8 0 . 64 D .. (> 6 
~ .. 
0. 1 3 0 . 1 1 
"'1NO 0 . 06 0. 7 o . oe 0 . 03 0 . 03 
P205 0 . 2" 0. 1 2 0 . 1 6 0.20 . 2 4 
LOI 2 .. 30 1 " ~3 l l. 8 6 1 .• 26 1 • . 3-5 
T OTAL 100o9 2 l 00.0 Q 09 .7 6 1 0 1. 4 1 1 0 l. • 3.2 
,_:>p ;,l 
u 2 . 7 .i.O 3 . 4 2 . 9 5 . 5 
t) ;~ o . o o.o o. c o. o o.o 
L I !t- 2 .. 0 37 . l) 31 . 0 1 8 . 0 c..... 4-. 0 
E-3 E 3 . 0 L• • 0 t+ . 0 3 . 0 3 .. 0 
u~ t ~\ !j. • (} 1 f \ 7 0 0 1 90 . 0 54.0 52.0 
sr-. 7< .. 0 1 27 . 0 l RO . 0 39 . 0 2 <J .. O 
Rf4 1 _)<) . ,. Ul4. 0 11, l • 0 22 1. •} 2;;:. 1. 0 
z r • 3'" " . 0 40 . 0 .36 .0 1 4 . 0 2 l. 0 
cu 1 0 . 0 ti • () 7 . 0 1. 0 1. 0 
R/\ 3~ 7. 0 .=>4:-j .. 0 53 ) • 0 1 12. 0 4.0 
TH 17. 0 l 5 . 0 l 6.G 9 . 0 7.0 
\.J u 2 . 0 3 .. 0 4 . 0 2 . 0 2 . 0 
N[~ 1 8 . 0 1 (l . 0 1 t~ . 0 1 2 . 0 l • 0 
GA 17.0 1 5 . 0 1 ' • 0 1 5 . 0 1 6 . 0 
P L 24 . 0 ?S . o 27 . 0 32 .0 1 8 . 0 
N[ 3 4.0 -..~ ~ . 0 2 7. 0 24 . 0 ~2 . 0 
LA 2 . 29 . 0 2 5 . 0 3 . 0 2 . 0 
ct. 1 • 0 l • 0 1 • 0 1 .. 0 1 • 0 
v 6 7 . 0 9 . 0 6 1. 0 6 . C s . o 
y 5 1 • 0 f+ (. • 0 50.0 20 . 0 22 .0 
F 11 6 . (' .: A . 0 520 . 0 336.0 432 .0 
C E.. 1 :>5 . 0 1 5 1 • 0 1 5fi.O 158.0 1 39 .0 
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P A(-< T : l.)GE BER Y H GRNT 
SAMPLE 1 -10528 1 7 0 5 2 9 17 05 3 1 170 532 17 0533 
PEt~ CENT 
5102 74. b0 69 . 90 74.60 74. 50 66 . 0 
AL2 u3 1. 4.1 0 1 4 . 25 1 4- . 25 1 4 . 30 16.0 5 
FE203 o . 5 0 .71 0.54 0.24- 0.87 
FED 0 . 65 3 . 1 7 0 . 89 1.0 0 3 . 31 
MGO 0.4 5 1. 33 0.5 5 0.26 1. 40 
C A·:J 0 .4 0 1-. 27 0. 33 0.39 2 . 04 
NA20 3 .. 70 2 .7 6 3.16 3 . 54 2 . 92 
K20 4 .- 53 4 . 6 3 4.90 jil' 4 . 96 4 • 1 1 
TI O~ 0 . 1 0 0 . 6 5 0. 2 ' 0. 1 2 0 . g 7 
~-1 N U 0.03 0 . 07 0.02 0.03 ).06 
P2 05 0 . 22 0 .. 20 0.20 0.22 0 .1 8 
L OI 1 ~ 3 2 . c:3 1. 4 9 1 • l 7 1 • Sl9 
T OT AL 1 00 .7 6 1 1 • t;.. 7 1 0 1 .. 1 5 1 0 0.7 3 1 00.10 
PPM 
u ~ ? :;:, . L- 2.5 4 . 1 4. 1 1 • 9 
!J2 o . o O o O o . o o.o 0. () 
L I 2 4.0 33 . 0 1 4 . 0 1 9 . 0 23 .. 0 
nE 3 . 0 4 .. 0 3 . 0 2 . 0 3 .. 0 
z f:? 49. 0 21 8 . 0 93 . 0 48 . 0 25 ' • 0 
sr;.· 2:3 ~ 0 7 5 . 0 40.0 27 . 0 20 2 .. 0 
RS 2 20 s0 1 f ,3 . 0 22 9 .. 0 241 . 1 3:; . 0 
Zl'l 1 4.0 4!::> . 0 7.0 17.0 40. 
C IJ 4.0 -r. o 4.0 1. 0 7a 0 
t-l A 98 . 0 5 90 . 0 282 . 0 8 2 . 0 25 . 0 
T H 7 .. 0 1 6. 0 l 0 . 0 9 .. o 1 9 . 0 
i\l 0 2 . 0 2 o 0 4 . 0 2 . 0 3.0 
NB 1 3 .0 1 q . o 1 "5 . 0 15.0 1 9 . 0 
GA 1 3 . 0 1 8 .0 1 9 .0 1 6 .0 19.0 
PB t 8 . 8 2 3.0 2 1. 0 27 . 0 23.0 
NJ .~ 0. 0 3 { f- ~ 0 21. 0 22.0 3 o. 0 
L A 3 .0 3 L • 0 17. 0 2.0 42.0 
C P 1 .. 1 • 0 1. 0 1. 0 25 .0 
v 5 .. 0 66 . 0 2 2 .0 1 • 0 1 • 0 
y 2 1. 0 4 1 • 0 20.0 ?.0. 3 9. 0 
F 48 0.1) 62 . () :?4- G • r ) 368 .0 6 40 .. 0 
c - 1 2 1. 0 l G4 . 0 14 7. 0 70 . 0 1 31 .0 
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PARTP. I OGEB EPY H G NT 
S A.'J\ PL E 1 7053'+ 1 70 53~ 170 5 1 70 53 7 1 7 053 8 
PF.PCc IT 
SlD2 7 ri- • 9 0 7 6 .. ~~ 0 7 9 . 30 67 . 40 7 3 . 80 
AL2U3 1 4. 30 13.4 S 1 2 . 3::> 1 5 . 8 0 1 3 . 6 5 
FE2:13 0 .1 - 0 . 2 1 o . o 1 0 •. 65 0 . 20 
FED 0. 94 0. 8 1 1 • 1 3 . 52 2 .• 09 
t-1 Gf i 0 . 22 0 . 32 0. 6 1 2 . 6 2 0 . 69 
c ,1\ (J 0 • / -=~ 0 . 26 0. :J 8 1 .30 o.R2 
NA20 .3 . 5 9 3 . 04- 6 . 0 7 3 . 0 9 2 . 7 
K.?U Lt • 9 9 5 . 3[ 0 .1 9 4 . 02 4 -.. H 7 
TIU2 0 . 09 Oo 8 0.1 9 0 . 78 0 . 4 1 
fV1 NO o . 3 o.o z 0 . ( 2 •• 0 . 07 0 . 05 
P205 0 .. 24 0 . 2 0 0 . 1 1 0 · 1 8 0. 1 5 
LO I l • 1 9 1. 0 9 o .. s_ 1. 66 1 • 33 
T OTA L l 0 1 • .. 7 10 1. 26 1 0 1 .30 101. 09 1 00 . 8 5 
PPNl 
u r, , c.. • c_, :: . 7 l • 5 3. 5 3 . 2 
U2 o . o o . o o . o o . o o.o 
LI 1 9 .. () 1 3 . 0 24 . 0 28 .. 0 39 . 0 
B~ 3 . 0 2 . 0 1 • 0 4 . 0 3 . 0 
Z:.R (.j. ., G ~b .O 1 0 3 . 0 258 . 0 L :_ 7 .. 0 
SR ? 1 • 0 27.0 4 6 . 117. 0 7 5 . 0 
R t1 2o4 . 0 231::} . 0 s . o 1 33 . 0 2 1 • 0 
ZN 1 -~ . 0 1 8 . 0 1 • 0 4 5 .0 3 7. 0 
cu 1 • 0 3 . 0 1 • 0 8 . 0 9 . 0 
BA 69 .0 1 l 2 . 4 b . O 53 7.0 3~ 6 . 0 
TH 
"· . 0 • 0 r-1 . 0 1 4 . 0 1 4 . 0 
:-,j ll ~~ . 0 £j. • () 4 . 0 4 . 0 3 . 0 
' H l 4 . 0 1 0. 0 b . O 27 . 0 1 7 . 0 
GA t 6 • 0 1 0 . 0 20.0 1 7 . 0 
f.J -~ 2 7. 0 z . o 3 .0 2 1 . 0 2 • 0 
NI 23 .. 0 22.0 1 4.0 35 .. 0 34 . 0 
LA 1::! . 0 l • 0 1 3 . 0 5 • 0 20.0 
C R 1 • 0 1 • 0 1 • 0 12 . 1 . 0 
v l • 0 6.0 1 2 . 0 98 . 0 35 . 0 
y 2 0 . ~ 2 1 • 0 70.0 50 . 0 35.0 
F 328.0 344.0 1 3 6 . 0 1 080.0 7 20.0 
C F 'iS . O 1 ~ 4 ~ 0 13 '? . 0 1 3 7 . 0 l 0 1. 0 
224 
A R T H I !) G E B E P ( H GRN T 
SA'"'PLE 17 05.39 1 7 051+ 0 17 05 4 1 1 705 4 2 1 7 0 5 I'J- 3 
PFP C=- NT 
SIU2 65 . 80 7 4 .. ( j. 0 69 . 3 0 69 .1 0 70 . 5 0 
AL203 1 5 . 85 1 3 . 25 14. 4 5 14.7 0 14-. 8 0 
FF: 203 0 c:· -. _) 0.10 0 . 8 1 0. 56 0 . 49 
FEO 3. 8_ 1-. 39 3. 32 3o 30 3.1::5 
MGO 1. 55 0 . 60 1. 52 1 • 7 3 1 . 33 
CAO 1 . 93 0 . 55 1. 5 2 1 • ' 6 1 • l 8 
NA2 0 2 . 82 .3 . 0 9 2 . 8 9 3 . 56 2 . 89 
K20 3 . 9 6 4-.7 9 4. 25 3 . 10 ---, 2 .J-• 
TI02 Q ., <j:J 0 .?3 0.74 0 -· 7 3 0 . 69 
0 . 07 Oo 0 4 o .. 0 8 •• 0. 06 o. os ,'~NO 
P205 0 . 1 .J 0 . 1 7 0.1 5 0. 1 5 0 . 1 4-
LOI 2 . 2 1 1. 28 1 • .'3 2 1 • 3 6 2.4 4 
TOl .t-L Y9 . 7 0 99 • .<1Y 10 0 .. 85 1 00. 3 1 1 0 1. 4 6 
p :>jl-1 
u l • 9 2 . ~~ 3 . 2 1. e 1 • 7 
U2 o . o . o o. o 0$0 o . o 
L I 24.0 :.s t+. 0 JO .O 1 38 .0 20 . 0 
BE 3 . () 3 .. 0 3 .0 • 0 3.0 
z ·-. ~- 71+. 0 9 1. 0 230 . 0 2 2 4. 0 2 .2 s . 0 
sr.· 2 1 5 . 0 42 .. 0 125 .. 0 183 . 0 1 32 . 0 
HB 1 33 .. 0 ?. 23 . 0 1 49 .0 1 1 6 . 0 1 1 0 .. 0 
z~ l t-. 0 2 1. 0 5 4 .. 0 2 '1- . 0 5 1. 0 
cu 22 . 0 s . o 20 .. 0 2 . 0 14 . 0 
E-31\ 933 . 0 206 .0 602 . 0 566 . 0 780 .0 
TH 1 9 .. 0 11 0 0 1 4 . 0 1 5 . 0 17.0 
fvl () 2 . 0 2 . 0 2 . 0 1 • 0 z.o 
NB 1 ~ 0 1 5 . 0 1 3 . 0 20 . 0 1 8 . 0 
GA 23 . 0 1 6 . 0 1 (~ . 0 1 9 . 0 1 9 . 0 
PH 27 . 0 24 . 0 20 . 0 2 3 .0 23 .0 
NI 40 . 0 2 • 0 33 . 0 33 .0 2 8 .. 0 
L/l t~ 5 . 0 14. 0 36 . 0 3 2 . 0 4 0 .0 
c t~ .r_ 2 . 0 1 • 0 12 . 0 1 6 . 0 1 -,. 0 
v 3 . ') 1 6 . 0 65.0 65 . 0 7 4. 0 
y 37 . 0 2 7. 0 4 7. 0 4 7. 0 36.0 
F <.:f!+ 0 . 0 640 . 0 6dO . O 7 60 . 0 6 4 0 .0 
CF l 4 7. 0 1 1 2 . 0 7 9 . 0 71 • 0 1 00 . 0 
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PAR T R l DGEBERY H GR T 
SA ;"1PLE 1 705 68 17 05 - 9 17 057 1 
PER CENT 
5102 7 2 . 60 71. 0 0 70. ~ 0 
AL203 1 t;. . 65 1 4 . 3 0 1 4 . 1 0 
FE2 03 0. 26 0 .. 35 0. 38 
FED 1. 66 2 . l 7 2 . 1 3 
MGO o . so o. 7o 0 .7 8 
CAO . 93 1 ~ 2 4 1 • 2 4 
NA20 3 . ?. 1 3 . 1. 4 .3. 1 9 
K20 5 . £...2 4 • ..:>9 L~. 4-& 
TI02 0 . 3"3 0.4 .3 0 • I+ 4 J'i' 
MNO 0 . 04 0 .. 04 0. 0 4 
P205 0 .0 4 0 . 06 0 . 05 
LOI l ., 1 7 1 • 8 6 1 • 7 7 
T OTAL 1 00 . 6 1 99 . 76 9 • l 8 
PPM 
u 3 ' } . c.. 2 . 4 2 . 5 
U .::.. . o o .. o 0 •. 0 
LI 2 4. 0 1 s ... 0 l G . O 
'3 E 3 . 0 3 . 0 3 . 0 
l P. 1 l 8 • r 1 63 . 0 162 q 0 
s r~ 79 . 0 R5 . 0 85 . 0 
RL3 2.3 9 . (, 1 59 . 0 1 9 . 
lN 22 . 0 .3 1 • 0 32 . 0 
cu 2 .. 0 I+ • 0 3. 0 
OA 306 . 0 4Y9 . 0 5 0 - • 0 
TH 1 4 . 0 1 4 . 0 1 5 . 0 
1·10 1 • 0 2 . 0 3 . 0 
NB 1 6 . 0 1 5 . 0 1 6 . 0 
GA 20 . 0 1 ("' .. 0 1 6 . 0 
PH o . o 23 . 0 26 . 0 
NI 33 .. 0 32 . 0 2 ~ . 0 
L /\ 28 e0 29 ~ 0 - 2 . 0 
c 7o0 e .o 2 1. 0 
v 25 ~ 0 I~ 1 • 0 4 :1.0 
y 26 . 0 3 5 . 3< • 0 
F 2 1 b . 0 640 . 0 13 8 0 .. j 
CF sn . o 7 5 . 0 77. ' 
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T HROUGH H ILL GR AN IT E 
SAYI PL E 17 0501 17051) 2 17 0503 1 70 504 170505 
PERCE NT 
SI02 7 2 . 8 0 7 6 . 20 7 6 .1 0 7 3 . 3 0 7 5 .70 
AL203 1 4 . -80 1 3 . 90 1 4.75 1 4- .. 1 5 14.05 
FC20 3 o . ot O . U l 0 . 0 1 o. o t 0 . 0 1 
FEO 0 . r-; 3 0 . 36 0 . 68 1. 0 5 1.03 
,1GO 0 . 20 0. 1 1 0 . 1 . 0 .1 4 0. 1 1 
CAD 0 . 53 0 . 4-7 0. 90 0.7 8 0.7 4 
NA20 ----' . oo 4- . 0CJ 4 . l 2 3 . 2 8 3 . 2 8 
K20 5 .. 80 4 . Li- 1 3 . 93 I'" 4.8 0 4- .. 79 
TI02 0. 1 1 0.04- 0 . 04 0 .o 2 0 . 0 3 
i'YlNO 0 . 03 0 . ()(, 0 .. 1 9 0~ 36 0 . 36 
D2(J5 0 . 26 0 . 22 0 . 1 7 0. 1 7 0 . 1 
LOI i • 2 3 u . ss 0 . 7 5 0. 6 4- 0 . 0 ~~ 
T OT/\L 99 . 4-0 1 00.75 1 01 .77 9 8 .7 0 1 00,.9L~ 
PP-11 
u l • 3 2 . 2 4 . 4 4 . 2 4.0 
U 2 o . o o . o o . o. • o.o 
L I 5 8 . 0 6 . 0 1 4- . 0 1 4- . 0 1 4 . 0 
9F: 3 . 0 ~ .. 0 2 . 0 2 . 0 2 . 0 
z {~ 7. () 2 • 0 90 . 0 55 . 0 52 . 0 
sf,> =~ . o 54 .0 1 27 . 0 1 00 . 0 99 . 0 
f=U3 lol o O 1 44 . 0 1 24 . 0 1 26 . 0 1 24- . 0 
ZN 3 .. 0 l • 0 1 • 0 1 • 0 1. 0 
cu 1. 0 1 .. 0 1.0 1 • 0 4- . 0 
OA 22 1. 0 1 35 . 0 17 2 . 0 1 90 . 0 1 o . o 
TH 2.0 2 . 0 6 . 0 L~ • 0 3 . 0 
t.!l) 2 .. 0 2 . 0 3 . 0 3 . () 1. 0 
N l3 17 . 0 5 . 0 9 . 0 6 . 0 5.0 
r:A 1 7 ·- 0 1 0 . 0 1 4.0 l 1 • 0 1 4 . 0 
Pn . 4 . 0 50 .. 0 47.0 52 . 0 52 . 0 
il I 14-.0 0 . 0 8 .. 0 9 . 0 1 3.0 
LA 1. 0 1 • 0 2 .0 1 • 0 1 • 0 
c o 1 • 0 l • 0 1 • 0 l. 0 1 • 
v 2 . 0 2 • l ) 1 • 0 1. 0 1. 0 
y 1 1 • 0 5.0 1 1 • 0 I 2 .. 0 1 2 .0 
F h8 .') 1 52 .0 104. 83 . 0 92.0 
CL 1 :1 1. 0 1 52.0 1 2 7. 0 9 1. 0 8 7.0 
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T HRCJU GH H ILL Gf~AN IT E 
SA ~-1PLE 1 70 5 0 6 1 7 05 () 7 17 0508 1705 0 0 0 _ 
l -, 0 5 11 
DFR CENT 
SI02 7 4- . 20 7 5 . 30 7 5 . so 75 e l . so 
AL2 U3 1 3.60 1 5 .. 0u 14. 85 l"+ . .. . a3 7 .4 0 
FE203 0. 0 1 0 • 1 0. 0 l 0 . I • 0 1 15 . 2 5 
FEO 0 . 39 0 .. 29 0. _"1 7 0. 1 .37 0 . 01 
MGO 0. 1 2 0. 1 2 0. 1 3 Oo l .1 3 0. 2 6 
CAO 0 .. 58 o • ..::.2 0. 53 o. ~ . 53 0.06 
NA20 4 . 28 4 . 1~() • 33 4 . I . 3 4 0.47 
K20 3. q 4. 03 3 . 6 7 3 . 1 . 66 3.73 
TI02 o . os o. os 0. 04 0 . I • 0 4 6 .. 4 6 
r.-: No C> . 02 0 .. 0 1 0 . 0 1 0 0 I • • 0 l u o 02 
~ 2Cl 5 0 . 26 0 . 1 y v. 1 ( ~ · 0 0 I • 0 1 5 0.04 
L O I 0 . 75 1 • 0 7 l • 1 9 1. ~ . zo 0 .. 1 t> 
TO TAL 9 S . 1 0 1 0 1. 0 /+ 1 0 1 .. 0 9 100 . .. . 77 o .• 75 
l 0 1 • 63 
?P!A 
lJ 3 .7 l • 3 2 . 0 1 I 1 • <) 
U2 o . u o .. o . o 0 0 0. 0 0 . 9 
L I l 5 . u 5 . () 8 . 0 8 ( 8 " 0 o .o 
I, t::-JL. 3 . 0 3 .. 0 3 . 0 2 S 2 . 0 3 . 0 
lfl - t l- .. 0 l P . O .3 ~.s. 0 3 3~ 3 . 2 . 0 
s~ 1 • 80 . 0 82 . 0 -=311 l • 0 1 3 . 0 
R.3 1 s r . l) 1 0 5 . 0 99 . 0 9o&o . o 5 1f.. 0 
z "' 1 • 0 1 • 0 1 .. 0 1 1 1 • 0 
1 6 0.0 
cu i • 0 1 • 0 l • () 1 1 1 • 0 1 • 0 
BA 1 1 ' • r .. 17 7 . 0 l l 3 . 0 l 1 4 f 4. 0 1.0 
TH 4 . 0 .'1 • 0 I I- • v 3 c. 3 . 0 94 .0 
MO 1 • 0 2 . 0 3 . 0 .3 [ .3 . 0 3. 0 
18 1 0 . 0 8 . 0 1 0 . 0 y~ y . 0 3 . 0 
G t\ l . . • 0 1 2 . o· 1 2 . 0 1 ~ 3 . 0 5 .0 
PB .3"j . Q 3 • ·o 35 . 0 33t; 3 . 0 10. 0 
I l 1 " 0 ' .o o .. o • 0 55 . 0 
L A 1 • (l l • t .. ·J 4 4 . () 1 o . 0 
c r~ 1 • 0 1 • L) I. • l) lJ 1 • 0 1. 0 
v l • () l • 0 l • 0 1 I 1. 0 1. 0 
y 
• J 1 . \_) 1 3 . 0 1 4~ 4 . 0 1 • 0 
f - 1 f.JE3 .(J 204. 0 1 4 ~s . u 1 8t>d b . O 4. 0 
cr 6 1. 0 7 '1 . 0 6 7. 0 7 6 d 0 .. 0 6 0.0 
8 8 . 0 
228 
THR OUGH HIL L G R ANI T E 
SA MPLE 1 705 1 ?. 1 70 5 1 3 17 0514 17 05 1 5 17 05 1 
PEF~ CENT 
5102 7 4- . 40 7 Z'f. • 0 0 7 3 . St0 7 4 .. 4 0 7 5 . _ 0 
AL20 3 1 4.80 14 . £1-3 1 4 . 35 1 5 . 05 14. 8 0 
FC:203 Oe 07 0 . 0 1 O.O l 0 .. 0 1 o.ot 
FED 0 .76 0 . 1 3 0 . 1 4 0. 59 0.43 
t\.lGO 0. 1 0 0 . 03 0 .03 0.1 9 0 .1 2 
CAO 0 . 6 ! J. 0. 1 6 0 .. l 6 0 .. 70 0.70 
NA20 4 . 7 6 1 • 9 1 1. 9 0 4-. 5 2 4.40 
K20 3 . 4 7 9 . 2 9 9 .3 3 4. 08 3 . 7 0 
TI 0 2 o .. 1 o . o 1 0 . 02 0. 05 0. 0 4 L J~ 
MNO 0 . 26 0. 0 1 0 . 0 1 0 .. 0 4 0. 03 
P205 O ol 9 0 . 1 7 0 • .l 9 0.17 0 . 2 7 
LOT 0 . 6 7 0. 69 0. 65 o. 0 0. 96 
T OTAL 1 00 .. 1 3 1 0 1 ... 4 1 00 . 69 100 .7 0 1 0 1.36 
p P ·'vl 
u 8 . 9 o . g 0 . 6 2 . 2 b~ · 4 
U C.) o . o 0 -. 0 o . o o. o o.o 
Ll s ~ o 1 • 0 1 . 0 1 0 . 0 5o . 0 
BE 3 . 0 1. 0 1 .. 0 2 . 0 7. 0 
zr, L~ 2 • 0 5 . 0 s.o 36 . 0 1 4 . 0 
s r:: ~~ 6 .. 0 1 0 8 . 0 1 08 . 0 55 . 0 2. 8 . 0 
1:.! f\ q 1 0 c 1 7 l • 0 1 7 1 • 0 11 6.0 1 63 . 0 
ZN 1 ~ 0 1 • 0 1. 0 1 • 0 l. 0 
cu 1 • 0 l. . 0 2 . 0 1 • 0 1. 0 
OA 1 45 .0 490.0 5 1 9 . 0 60 . 0 1 1. 0 
Til 2 . 0 2 . 0 5 . 0 5 .. 0 5 .0 
r-1 o 1 . 0 z . o 2 . 0 2 . 0 2 . 0 
Nu 3 . 0 1 • 0 1 • 0 t o . o t <J . o 
GA 1 0 .. 0 9 . 0 8 . 0 1 3.0 1 6 . 0 
P E1 3B .. O 3 1 . 0 85 .0 4u . o 3 0 . 0 
NI 3 .. 0 1 0 • 0 1 3 . 0 1 1 • 0 1 2 . 0 
L A 4 . 1 .. 0 4 . 0 1 .. 0 1 • 0 
C P l • 0 l. 0 1 • 0 1 • 0 1. 0 
v 1 • 0 1 .. 0 1 • 0 1. 0 1. 0 
y 1 2 . 0 1 • 0 2 . 0 1 5.0 5 .0 
F -e . o 5 4 . 0 48 . 0 132 . 0 3 1 6 . 0 
C E f>3 . 0 1 47 . 0 6 7 . 0 1 5.0 96 . 0 
229 
T H <.OU G r-~t H I LL GRAN I TE 
S A 1.t1PL E 1 -1 0 - 17 17 05 1 8 1 7 05 1 1 705 2 0 1 7 0 52 1 
PE!-<CE N T 
SI02 7 3 . 2 o · 7 4 . 9 0 7 4 . 8 0 7 4 . 5 7 6 . so 
AL20 3 1 6 . 20 1 5 . -~o 1 5 .. 3 0 1 4 .7 0 14 .• 5 0 
FE20.3 0. 02 0 .. 01 o . o 1 o .. o 1 o . o t 
FED 0 . 4 3 0 . 5 1 0 . 50 0 . 68 o . 5 
tv! GO 0 . 1 6 0. 1 0 . 1 9 0 .1 2 0 . 06 
CAO 0 . 63 0 . 77 0.77 0. 9 0 0 . 50 
NA20 5 -.l c: c: • 7 l 5 . 69 3. 93 4 .• 52 
K2L.l 3 . 1 g 1 . 99 2 . 0 4. 59 "4 . 25 
TI 02 o . o 6 o ... 05 0 . 0 4 Ji' o.o 3 0 . 0 1 
;~NO 0 .. 0 ~~ 0 . 0 3 0.0 3 0 . 22 0 .1 4 
P205 0 . 20 0 . 2.3 0 . 2 0 0. l 4 0.11 
L Ol 1 . 03 0 . 9 1 0 .. 84 0 .. 6 7 0 . ~) 9 
T OT AL l 00 . 2C' 1 00 . 60 .l 0 .. 3 7 1 00 . '~ 9 1 0 1 • 8 
P? iiiJ 
l) 2 &e 4 . l 3 . 9 1. 4 3 . 4 
U2 o . n o . o 0. 0 o.o o .. o 
L I 2 7 .. 0 2 0 . 0 1 9 & 0· 9 . 0 1 0 . 0 
!=JC 4 . 0 4 . 0 4 .0 3 . 0 2 . 0 
ZP 1 4 .. 0 tt-o .. o 7 . () 3 9 . 0 3 o . 0 
S R 3 - .. 0 .34.0 3 l;~ .. 1 29 . 0 7 • 
RFJ 7 . 0 o9 .. 0 7 • 0 1 2 0 . 0 · 1 05 . 
z 1'. 1 • 0 1 • 0 1. 0 1 • J 1 • 0 
cu l • 1 .. 0 1 • ( 1 • 0 1. 0 
B l\ S3 . 0 1 - • \.) 26 . 0 29 7. 0 l. 0 
T I-l 5 . 0 3 . 0 4 . 0 2 . 0 '*" . 0 
111\0 2 . 0 l • ..) .J . O 3 • 1 • 0 
NL..~ l .J . O 1 3 .. 0 1 /f.. 0 6 . 0 7 . 0 
G/\ l ·"l . O 1 .3 . 0 1 :: •• 0 1 1 • 0 1 2 . 0 
PH 29 . 0 ';>. 7 .0 2 7 .. 0 5 3 . 0 2 7 . 0 
NI :3 . 3 . 0 6 . 0 s . o 
L A l • 0 1 . 2 . 0 1 • 0 7 . 0 
cr< 1 • ' 1 • 0 l • 0 1 • 0 1. 0 
v 1 • 0 1 .. D 1 .. 0 1 • 0 1. 0 
y 1 2 . 0 l 4 . 0 1 ; • () 7. 0 8 . 0 
F 1 80 . 0 1 - 6 . 0 1 50o0 B. o 6 7 . 0 
cc l 9 . 0 1 74 . 0 1 '5 1. 0 14 6 . 52 . 0 
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TH r<: OU GH HILL G ) N £T E 
S A lv1 PL C: 1 70522 17 0 5 2 3 17 05 2 4 
PER CE NT 
5!02 7 5e 8 0 74. /+ 0 7 5" 0 
AL203 l4o LZ.5 1 5 . 60 11.~. 50 
FE20 3 0 . 0 1 0 . 0 1 0.01 
FED 0 .. 4 5 0 .. 6 7 0 . 54 
fv1GO 0 .. 1 6 0 .0 9 0.10 
CAD 0 .7 3 0.4-1 0.5 8 
NA20 .7 9 4 . 6 6 4. 2 1 
K2U /l- . 2 6 4 . 58 4 . 4 1 
T IO 2 o .• 05 0 . 01 0 .. 0 1 J; 
fv1NO 0 . 03 0 .17 0.1::3 
P205 0. 3 1 0. 29 0. l 9 
LOI l. 20 0. 96 0. 8 l 
T OTAL 1 0 1 • 2 4 1 01 • . 35 1 01 • . 35 
PPj\.1 
u 1. 5 6 . 4 .. 0 
U2 o~o o.o o.o 
LJ .31 .. 0 1 5 .. 0 l :J .o 
BE l O .u 5 . 0 s . o 
ZR 1 0 . 0 2 0 . 0 2o 0 
SR .. 3 . 0 6 . 0 25.0 
HH ! 24 . 0 2 1 3 . 0 14 2 . 0 
lN 1. 0 1 • 0 1. 0 
cu 1 • ( 1 • 0 l • 0 
GA 67 .. 0 20 .0 2 1. -
TH l • 0 4 . 0 7 .. 
;J1 (J 3 .. 0 3.0 ;~ . 0 
NB 1 2 . 0 21 . 0 ;: • 0 
GA 1 2 . 0 17. 0 1 z . 
PB • C) 29 . 0 3':3 . 0 
N1 7. 0 17.0 7 . 0 
LA 1 • 0 1 "0 1 • 0 
CR 1 • 0 1 .. J 1 • 0 
v 1 • 0 1 • 0 .:J. O 
y 1 .. 0 2 .. 0 7 . 0 
F 363 .. 0 1 L. c' • n 1 3 ( J • 0 
C E 92 . 0 1 1 2 .. 0 131. 0 
231 
NO R TH BA Y GPAN T '-c. 
S l\ i'-1 PL E 1 70034 1 700S4 1 7 0 0 55 1 7 0 0 56 17 0 057 
PERCEN T 
5102 7 2 . 2 () 7 C • -r 1J 69 . 20 6 9 .. 00 7 1 • 1 0 
AL 2D3 1 fh 60 1 4 . 7 0 1 5 .1 0 1 5 . 9 0 1 5 .20 
FE203 0 . 34 0 . 2 7 0 .1 4 0 . 0 1 0 .0 6 
FEO 1 • 3 l 1 - J • . ...... v 1 -.. 6 6 1. 4 8 1 • 5 1 
t~1G O 0 . 53 0. 6 /~ 0 . 7 5 0 . 69 0 . 58 
CAD 1 . 84 1 "' 63 1. 69 1. 75 1 . 6 3 
NA20 4 . 04 3 . -1 3 3 .77 4 . 4 8 4 . 0 1 
K20 3 . 86 3 ,. 68 4 . 4 >3 3 . 9 8 t:~. 0 _, 
T 102 0 o 2 7 0 . 26 0 . 33 0. 2 4 0 - 22 
MNO 0 . () !~ 0 . 0 ~~ 0 . 03 Jl' 0 . 0.3 0 .0 3 
P205 0 . 02 o .. o.J o . o 6 0. 0 1 o . o 1 
LOI 0 $ L~ ') 0. 70 0 . 90 0 . 6 6 0 . 68 
TOTAL 1 0 1 • 5l~ 9 7. 7 6 98 . 1 l 9 5 . 23 '-:)() . 0 6 
PP ,\.1 
u 1 . 7 2 . 8 2 . 0 1 .. 4 3 . 3 
U2 o . o o . u o . o o . o o .o 
LI 53 . 0 2 -'1 . n 32 . 0 sa . o 40 . 0 
OE 2 .0 2 . J 4 . 0 4 . 0 3 . 0 
ZR 144 o 0 1 t.>8 . 0 l q9 . 0 1 6 1. 0 1 S6 . 0 
SP 4 01 . 0 2Y3 . 0 4 22 . 0 65 1. 0 390 . 0 
nu 1 4!~c,.\) 1 25 . 0 l h 1. 0 1 33 . 0 1 47 . 0 
Z:N .39 . 0 4 6 . 0 4 7. 0 52 . 0 44,. 0 
cu 23 . 0 24 . 0 4 4 . 0 24 . 0 22 . 0 
8A 9&6.0 8 ~. 4 . 0 1 09 7 . 0 1 04 0 . 0 98 4 . 0 
TH o . o o . o o . o o . o o . o 
fvlU 1 • 0 4. 0 6 . 0 2 . 0 6 . 0 
NB 7 . 0 9 . 0 7. 0 6 .. 0 8 . 0 
GA 1 9 . 0 .20 . 0 23 . 0 2 3 . 0 23 . 0 
PB 1 6 . 0 30 . 0 2 1 . 0 1 6 . 0 1 9 . 0 
NI 1 • 0 s . o '+. 0 3 . 0 4 . 0 
LA () () . ~ 0 .. 0 o . o o . o o . o 
CR 4 . 0 7. 0 4 . 0 6 . 0 1. 0 
v 22 . 0 2 f) 0 L) 39 . 0 2 7.0 23 . 
y 0 . 0 0 . 0 o . o o . o o . o 
F 29 8 . 0 2 ( .> 0 • ') 4 54 . 0 /~ 9.0 ~8 • 0 
c~ o . o \) . u O . C> o . o o . o 
232 
NOR T H BA Y GRAN IT E 
. SAMPLE 170 0 7 2 1 7 00 7 3 l 7 00 79 1 ?oo eo . 1700 8 1 
PeR C EN T 
SIO 69 . 50 7 2. 0 () 73.0 0 70.00 74.20 
AL203 1 6 .10 1 5 . 6 0 1 4. 6 0 1 5 .• 2 0 14 .. 70 
F=20 3 ).1 3 0. 04 0.01 0.01 0.01 
FED 2 ... 1 2 1. 59 O.S G 2 .. 30 0.67 
MGO 0. 9 3 0. 62 0.1 8 0. 3lJ. 0 .. 22 
CAU 1 .. 9 1 1. clo 0. 57 1 .. 84 0 . 64 
NA20 4.09 3 . R 3 . 3 3 4.13 2.69 
K20 l~. 4 4 4. 1 l 7. 2 9 3 .. 85 6.33 
TI02 0 . 42 0.27 0.04 ~~ 0.35 0.13 
MNO 0 .0 4 o.o .:> 0 . 02 0.0 5 0. ·JS 
p 205 o.o s 0. 04 0 .. 02 0. 0 {1- 0.04 
LOI ~. 56 Ju 54 0. 53 0.6 3 o .. qG 
TOTAL 1 00 ... 34 1 00 . 56 1 00 0 2 0 99.2 9 100. 5 4 
pp:,.t, 
u 1. 7 2 . 2 1 .. 8 1. 3 2 . 1 
U2 o . 0 o.o o.o o. o o .o 
L I ' ? • 0 3 0 . ·J e . o 4 1. 0 1 4.0 
DE 6 .,0 5 .0 1.0 5.0 2 . 0 
ZF-< 24 1. 0 17 0 . 0 34. 0 207.0 33.0 
SR 1$. 6 1 • 0 368 . ( 1 29 . 0 45 5 .0 1 1 6 . 0 
PB 1 7 1 .. 0 1 53 . 0 21 1. 0 134.0 1 63 .0 
ZN <5 1l- "' 0 4~ . 0 1 9 . 0 5-3.0 1 9 . 0 
cu 4 l. 0 23 . 0 20.0 25.0 1 7. 0 
f:JA l 1 5o . '?95 . 0 4lt- O . O 96 o . O 5 68 . 0 
TH o .. o o.o 0 . ~ o. o o.o 
MO 2 . 0 6 . 0 e . o 1 • 0 1. 0 
NR 7.0 • 'J 7 . 0 8 .0 6 . 0 
G.l\ 2-"J . O 2 1 • 0 20.0 23 . 0 1 7. 0 
Pn 1 0 9 0 24 . 0 5 7. 0 27.0 "45. 0 
NI - .. 0 4 . 0 1 . 0 · 6 .0 7 .. 0 
LA o ~ 0 .. 1.· o . o 0 .. 0 o . o 
C R 8 . 0 g . o 4 . 0 12. 0 6 . 0 
v l~ b .. () ;~9 . (} 5 . 0 4 l. 0 9 .• 0 
y o.o 0 • t) IJ . () o . o o .o 
F 7 8 1 - . ") .:364- . 0 89 . 0 505 .0 1 1 7. 0 
C E' 0 . '1 . \ . o. o . o o.o 
233 
NORTH BA Y GRA N IT E 
SAMPLE 1 7008 2 17 00<}2 1701') 0 t70101 17 0 10 2 
PER CENT 
5102 70. 8 0 7 2 . 20 7 4 . 0 0 71 .• eo 71 -· 70 
AL20 3 1 5 - 20 1 4. 80 14.7 0 1 4 .7 0 1 4 . 80 
FE203 0 .. 01 0 .. 3<'1- 0. 1 3 0.01 0.02 
FEO 2 . 04 1 • 1 6 1 • 3 0 1. 66 1.7 8 
MGO o . u7 0 . 47 o. so 0.60 0. 69 
CAO .- 89 t. 09 1. ::35 1. 59 1 . 56 
NA20 3 . 6 1 {~ . 2 1 3 . 8 2 3.87 3. 8 
K20 l+.o2 - L~ al J3 4.7 2 4.55 4 . 48 
TI02 0 . 29 0.17 u. 26 J;!O 0 .. 2 7 0.2 9 
MNO 0 . 0 :;. 0 ·• () 3 0 . 04 0.03 0. Ot~ 
P205 o . o~ 0 • t) 1 0 . 05 0. 0/ .. o . 4 
LOI 0 . 6 0 1. 3 8 0 .7 6 0. 68 0.77 
T OTAL 99 .a4 b 1 0 0 . 04 1 01 . 63 99·. s o l 0 . 1 5 
pp ,..., 
u 3 . 0 1 .. 9 s . 1 2 . 0 2 .. 7 
U2 o . o 0 . 0 • 0 o.o o . o 
Ll 3 2 .. 0 4 9 . 0 59 . ·J 45.0 40 . 0 
DE 4 .. 0 !.j. ~ 0 H . O 3 . 0 3.0 
lR 22 1. 0 1 32.0 1 30.0 1 C-,5.v 2 1 6 . 0 
SR 345 ~ 0 33 7. 0 1 7 1 • 378.0 388 .0 
RH 1 5 7. 0 1 32 . 0 234 0 1 6 1. 0 1 58 .0 
lN 30 .. 0 4 6 .0 43 . 0 3 4 o .. 0 
cu 25 . 0 - 1 • u f3 . 0 28.0 37 .0 
BA 1 253 . 0 82 1. 0 4 7. 0 923 . 0 890 .0 
TH o.o o .. o o . u o.o o .. o 
flltO 2 . 0 1 • 0 4.0 s .o 2 . 0 
NU .:.> .. 0 c 0 0 1 0. 0 7. 0 s . o 
GA c.O .. O 2 ? . 0 2 3 . 0 22 .0 23 .0 
Pb 2 0 .. 1 17. 0 2 5 . (' 29 .. 0 1 9 . 0 
I'! I 4 .. 0 ~.o 10. :) 5.0 b . O 
LA o . o o.o 0.() o.o o.o 
CP 2 . 0 2 .. 0 8 .0 17.0 1 o . 0 
v 35 .. 0 29.0 24 . 0 27. 0 41.0 
y o.o o .. o o . o o.o o.o 
F 2 9 · . () 2 /S.o 568 .0 6 1 9 . 492 .. 0 
C F o . u o.n o . o o.o o.o 
234 
,JR T H 8/I. Y GRAN IT E 
S A'v1P L t:: 1 70i03 1 7010 B 1 70 117 1 70 11 8 17 0 11 _ 
PE , CENT 
S ifl2 7 2 .. 80 7 4 . 1 0 72. 7 0 - 7 0 .7 0 72 . 9 0 
AL203 1 4- . 50 l /~ .. 50 14.0 0 1 5 .10 1 5 . 0 
FE2 03 0 . 03 0.04 o . 7 0 . 01 0 .. 01 
FEU 1 • e 1 0. 73 1 • 1 8 2 .0 3 1. 69 
i'--1 G !l o . 69 o . 2 0. 4::. 0.-7 6 0 .. 65 
CAU 1 .. 4 8 1 • 1 5 1. 49 1 .. 97 1. 6 3 
NA20 3 . 9ll 4 . 28 3.82 4 .. 1 6 3 . 88 
K20 • 3 0 4 . 0 1 4 . 2 7 4 .• 1 2 4 . 46 
T102 0 . 34 0. 08 0 . 24 0.34 0 -. 32 
I'\ NO 0.04 o.o3 0. 0 4 ,. 0.0 5 0.03 
P205 0 . 0 6 0.1 2 0 . 06 0 .• 08 o.o g 
LOI o .7 B 0 • .'::3 4 0.71 0 . 4 7 0 .- 5 4 
T OTA L 1 0 . 77 1 00 .1 0 99 . 0 4 99 . 7 1 1. 2 0 
p f=J'\1 
u 2 .. -) 2 . 0 3 . 3 2 . 4 2 . 0 
U2 o.o o . v 0 • r) o .. o 0 . 0 
L I o . o 72 . 0 39 .. 0 6 1. 0 . 60 . 0 
8E 3 . 0 l 1 • 0 4 . 0 7. 0 7 . 0 
Z t=! 2 1 3 . 0 d8 . 0 1 3 7 . 0 1 89 .. 0 1 69 . 0 
SF- 377 . 0 c_Ot+ . O 248 . 0 377 . 0 .::..~9 b . 0 
p ~> 1 ':::1 .. 0 206 .. 0 1 5~ .. 0 1 85 . 0 1 64 . 0 
Zl'l 40,n :..J 7. 0 4 7. 0 58 .. 0 43 . 0 
cu -''3 ... 0 2 7. 0 4 2 . 0 29 . 0 26 . 0 
SA 81-'-3 . 0 63 7 . 0 (; _ 6 . 0 857.0 •)93 . 0 
TI-l 0 . o. o o . o o .. o 0 . ,.... 
~LJ 6 . ) 4 . 0 4 . 0 1 . 0 4.0 
NR 1 l • () 1 0 . 0 s . o 9 . 0 8 . 0 
GA 2. 1 • 0 l Y . O 1 <; . 0 25 . 0 1 8 . 0 
P H 7 •. 0 3~.0 2 6 . 0 1 9 . 25 . 0 
N I 7. 0 4.0 3 .0 a .. o 1 • 0 
LA o .. o o . o v . o o.o o . o 
c ., 1 1 • 0 (-. 0 1 • 1 4.0 1 1. 0 
v 3S' . O 9 · 20.0 4 o . 0 27 . 0 
y o . o o . v o.a o . o o . 0 
F 5 17.0 2 o.o 267 .1) 8 1 1. 0 454.0 
c~ o.o o.o o ... o o.o o.o 
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NO TH BA Y Gt< f'l!. TE 
SA~1PLE 1701 20 l7 0i2 1 17 0 1 22 17 0 1 2 3 17 0 124 
PERCE. 1T 
SILl2 70. BO 7 1 .. 0 0 71 . 6 0 71 • 40 71.60 
AL203 1 .7 0 1 '1- . GO 1 4.00 1 4. 80 1 4.70 
FE 203 0. 0 l o .. o 1 0 . 01 0.08 0 . 22 
FED 1. 76 1 • ·3 L 1,. 69 1 .• 34 1 .. .3 6 
!¥1 G D 0 . 0 4 0. 6 4 0 .. 6 1 o. so 0. 5 2 
CAD 1. 58 1 . 69 1. 7 3 1. 50 1. 6 
NA20 3 . 9.3 3 . 92 3. 9(> 4 . l 1 3 c74 
K20 4 • L~ 1 4. 36 4 . ?9 4.4 6 4 . 55 
TI02 ').3? 0 . 28 D.2 R 0.21 0 . 27 
MNO 0 . 04 . 04 0 . 0 5 I./' 0 . 04 .0 3 
P205 0 . 07 o ... 06 0. 1 1 o.o s 0 . 4 
LO I o.s o 0 .. 6 0 0.6 2 0. 64 o. 3 
TOTAL t~8 .76 <19 .. 3 1 99.75 99 .1 3 y - .. 55 
p p " ' 
u 2 . 4 2.2 1 • 7 2 . 7 2 .. 3 
U2 o . o o . o o . o o .. o o . o 
Ll (;2 . 0 us .. o " 38. 0 29.0 36.0 
BE 6 . 0 (> .. 0 5 . 0 s . o 4.0 
lf~ 1 "16 .. 0 1 80 . 0 1 58 . 0 1 26.0 1 6 l • 0 
SR 402 . 0 3'.; 7 .. 0 349 . 0 332 .. 0 2' 9 . 0 
R.R l 'r:) . O 1 60 .. 0 1 q . o 1 89 . 0 2 00 . 0 
Z.N 4 7 .. 0 47.0 4 7 . 4 8 . 0 43 . 0 
cu 4CJ.O 46.0 29 . 0 26 . 0 JO .. 
BA 99 7. 0 967 .. 0 8f+? . 0 7 6 7.0 1 03 1. 0 
TH o . o o.o ·) . 0 o . o o . o 
tt\0 2 .0 t~ • 0 l • ') 2 . 0 2 . 0 
NR 9 . 0 10. 0 1 0 . 0 1 1 • 0 9 . 0 
GA z · • 0 25.0 23 . 0 2 1. 0 2 1. 0 
PB 25 .0 .... • 0 27 . 0 30 .0 29 . 0 "-
Nl s . o (, .. 0 a . o 4.0 7.0 
LA o . o o.o o . o o. ::> o .o 
CR • 0 8 .0 1 3 . 7. 0 3.0 
v l • 0 3 7 .. 0 3 ::S . 0 27.0 2 7. 0 
y o . o o.o o . o o . o o.o 
F 7oe.o uH3 .o 40J. O 301+. 0 304 . 0 
CE o . o o.o o . o . o o.o 
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NOR TH BAY GRANIT E 
SAMPL E l7 0 1 95 l7 0i _ 6 17 01 9 7 17 0 1 98 17 01 9 
PE RCE NT 
5102 7 2 .50 7 2 . 9 0 7 0 . 0 0 7.1 .• 30 69 . 60 
AL203 1 4. 6 0 l L!-. 50 15.00 1 5 . 10 1 5 .50 
FE203 0. 3 7 0. 1 0 0. 2 7 0 .• 17 o.o1 
FED 1.1 8 1. 42 1 .. 8 1 1. 99 2 . 49 
MGO o .. -4 8 0.54 0 . 88 o .• 9 6 0.90 
CA U 1.70 1 • 7 l 2.01 2.14 2.10 
N A20 4 . 40 4 . 40 4. 4B 4 . 64 4. 33 
K2 0 4 -.. 0 8 4.24 3 . 96 4 .. 02 3 .7 L 
TI0 2 0 . 2 1 0 . 2 1 0 . 41 0.44 0.42 
MNO 0 .. 04 0 . 0 3 0.03 ~ ~ 0. 03 0 .0 3 
P205 0 . 0 8 0 . 0 6 o. to 0.12 0 . l 2 
LO I 0 . 8 3 0 .7 4 0 . 8 7 0.71 0 . 64 
TOTA L 1 00 .. 47 100. 85 99. 8 2 101 .. 62 9 . 9 3 
PP-'1 
u 1 • 9 1 • !~ l. 4 1.4 l • 5 
U2 o . o o.o o . o o. o o.o 
LI Stt-" 0 29.0 1 0 2 . 0 7 5 . 0 7 6 .0 
aE 4 . 0 2 e 0 3 .0 ,._ . 0 4 . 0 
ZR 1 :::,9 . 0 135 . 0 1 86 . 0 1 9 1. 0 1 85 .0 
SR 417.0 3 86 . 0 529 . 0 531+. 0 5 3 1. 0 
RB l l+ ii . O 1 3Y .. 0 1 21.0 1 2 8 . 0 1 2 s . 0 
ZN 4 9 -.. 0 ~~ 1 • 0 4 9 -.0 52 . 0 4 8 .0 
cu 2 ?. 0 2 0.0 3 3 . 0 37 . 0 33 . 0 
BA _} ~) 9 . 0 95 1. 0 1 04 6 .0 1 0 8 8 . 0 1 0 2 0 . 0 
TH OeiJ 0 . 0 o . o o.o o . o 
MD 2 . 0 2 . 0 1. 0 1. 0 2.0 
NB 6 . 0 7.0 7 . 0 1 1 • 0 7.0 
GA 26 . 0 2 1 • 0 22 . 0 25 . 0 2 1.0 
P 8 2b . O Lb . O 1 6 . 0 2 1. 0 17.0 
NI f ;. . 0 1 • 0 2 . 0 s . o 2.0 
LA o . o o . o o .o o.o o.o 
C R ? . o 22 . 0 7.0 1 0.0 8.0 
v 20 . 0 ?:J . O 4 0 .0 47 . 0 4 1. 0 
y o .. o o.o o . o · o .. o o . o 
F 2 '"' 9 . 0 . . ] 2 c 0 0 7 9 7 . 0 8 36 . 0 8 74 .0 
CE o . o 0. 1) o .o o .o o.o 
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NORTH BAY GRAN ITE 
S Alv1 P L E 17 0200 1 70 288 17 0289 1702 9 1 l 703 5 1 
PERCE NT 
S I O 7 0 .. 1 0 T .. '>. 1 0 7 6 . 60 7 5 . 50 - 7. 0 
AL203 1 S .50 1 7.30 1.4 • .3 0 1 4 . 50 1 5 . 2 0 
FE203 0 • 1 1 0 • C) 1 0.'11 0 . 10 0 . 4 
FEO 2 . 03 0 • .33 0 . 3 3 0 .. 35 3 . }6 
M GO 0 .. 89 0 .1 2 0. 0 8 0. 1 5 1 . 93 
CAD 2 . 12 0 . 4 8 0 . 48 0 .. 89 2.43 
NA20 4 . 2 3 8 . 3 8 6.7 3 4.40 3 . 39 
K20 3 • . gg 1 .. 0 l 0 . 73 ~Jo 3 . <)3 4 . t 0 
TI02 0 . 4 o . o 1 0 . 0 1 o.o s 0 . 62 
~4 NO 0 . 04 0 • 0 1-t o • .J4 0 . 0 2 0 . 
' 
P205 0 .. 1 l o. o 7 0. 1 0 o . o e 0 .1 4 
L O I 0 . 5 7 0 .. 70 0.6 8 0 . 62 1 • 0 5 
TOTAL ':7 9 .. 98 10t. 55 100o0 9 1 0 0 -· 2 100 . 1 6 
PPM 
u 2. 3 i .3 .. 2 1 0.0 3 . 3 4.9 
U2 a . o 0. 0 o.o o . o o .. o 
LI 74 . 0 1 5 '" 0 1 0 . 0 35 . 0 4 o. 0 
BE s . o 8 • •) 7.0 8 . 0 4.0 
Z:R 1 9 • 0 2b . O 3 1. 0 1 6 . 0 1 66 . 0 
S R 536 .. 0 ~)2 8 0 57 . 0 .3 7. 0 23 1 .0 
r-< e 1 2 1. () 6 3 .. 0 5 • 0 223.0 1 B 4 . 
ZN 49 . 0 17 . 0 1 3 . 0 1 4 . 0 53 . 0 
cu .J4~0 2:.J .o 1 0 .. 0 1 9 .• 0 3 o . 0 
PA , o~~- s . o .ll-4. 0 2?. . 0 8 .0 472 . 0 
TH o .o 0 D V o . o o .. 0 o . o 
~~0 L• o :; 7 . 0 1. 0 4.0 4.0 
Nf~ ~ - 0 R.,O l 0. 0 17 . 0 i 1 • 0 
GA 2:3 . () 2 3 -0 24. 0 26 .. 0 20 . 
PB 20 . 0 24 . 0 1 ( • 0 2 2 . 0 2 5 . 0 
NI /~ a 0 1 .• c 1 • 0 6 . 0 2 1 .0 
LA o . o o .. o o .o o . o o . o 
C P 1 2 . 0 1 • 0 b . 0 2 .0 34 ... 0 
v 4lf. . 0 3 ·• 0 4 .. 0 3.0 73 . 0 
y o . o o . o o.v . o . o . o 
F 7 5() . 0 1 CJ ~~ • 0 1 9 1+. 0 Ll-2 . o 480 .0 
CE l • 0 o. o o . o 0 . () o . o 
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NO I~T rl BA Y GRA N IT E 
SA r'-1PL E 1 70352 1 70 3 72 1 7 03 74 17037 5 1 7 03 76 
PEr-<CE NT 
S10~ 7 0 .. 30 65.20 57 .• 0 0 65 .4 0 68 . 40 
AL2 3 l 4. - 0 1 5 .. 8 0 1 4. 9 0 1 5 . 50 1 5 .1 () 
FE203 0. 1 6 0. 5 4 1 • 6 0. 6 0 0 ... 62 
FEO 2.04 3 .. 0 8 4.74 3 .1 4 2 .07 
MGO t • 1 0 2 . 1 2 7.7b 1.89 1 • 21 
CAfJ 1. 56 3.74 7. lt 3 3 .• 5 1 2 . s 4 
NA20 3 .. 44 3 ,.45 2 . 6 0 3.53 3.62 
K20 3 . 98 3 .4 3 1. . B6 3 . 52 3 .. a o 
TI02 0 . 35 0. 63 o . so 0 . &2 0 . 4- 1 
!1 NO 0 . 06 Oo0 6 0 . l 2 J;> o . oo o.os 
P205 0 . 1 5 0 .. 17 0 .1 3 0. 22 0. 17 
LOI 1.2 3 0-. 02 1. 2 0 0. 9 3 1 • 1 1 
TOTAL 99 . 2 7 9CJ .l4 99 . 90 98. 2 99 . l 0 
PPM 
u 2 . • 5 3 . 0 2.2 2 . 5 3. 3 
U2 O , O o . o o.o o .. 0 o.o 
LI '30 .0 5 L. 0 27 .. 0 3 R . O t) 0 .. 0 
BE 3 . 0 4 - 0 3 o 0 4 . 0 4.0 
ZR 1 '5 7.C 1 3 '4- . 0 1 07 .. 0 1 66 . 0 t7 5 . 0 
SP 23 1. 0 2H-'> . 0 223. 0 206 . 0 22 1. 
RD 1 ..:;() .. 0 1 4 :.) .. 0 7 4 .0 1 4 1 • 0 1 4 6 . 0 
ZN ! t 7 ... 0 5'> . 0 58 . 0 55 . 0 53 . 0 
cu 32 . 0 zq . o 6 1. 0 30.0 27 . 0 
BA 4 3 n. o 505 . 0 240.0 47 6 . 0 l+7 6 . 0 
TH o . o o.o o.o o.o o.o 
MO 
-· . 0 4 .. 0 2 .. 0 6 . o. 4 . 0 
NB 9 . 0 l 1 ,. 0 5 . 0 1 3 . 0 1 3.0 
GA ?0 . 0 2 L~ • 0 20 . 0 22.0 23.0 
PB 17. 0 27 . 0 1 0 . 0 2 l. 0 1 8 .0 
t'J I 9 . 0 1e . o 102. 0 1 9 . 0 1 1. 0 
LA o . o o . o o . o o.o o.o 
CR c.9 . 0 4 1. 0 254 . 0 22 . 0 1 5 .0 
v 35 . 0 7 2 . 0 l o2 . 0 7 5 .0 41.0 
y o . o o . o o.o o.o o .o 
F 2 r)O • (l 6 ! 9 . 0 3 L9 . 0 683 .0 530 . 0 
CE o . o o.o o .o o.o o.o 
239 
f-l O H. T H t A Y Gk AN I T E 
SAMPLE l 70 -J77 1 7 0 3 -r e. 1 7 0 3S 4 1 7 0 3 8 5 1 7 03 8 6 
PE'-J.CE NT 
S I C1 ~ 6 0 .. 7 0 6 5 .. 2 0 6 8 . 20 66 . 00 66 .1 0 
AL2 0 3 1 5 . 5 0 1 6 .. 20 1 5 . 30 1 5 .7 0 .16.00 
FF20 3 0 .7 <'4 o . 7 u 0 . 6 9 0. 71 0 . 77 
FE O 2 . 5 3 2 . 6 6 2 . 2 8 2. 8 2 2 . 8 1 
MGU 1 .. t~ 5 1 • t~ 8 1. 30 1. 58 l. 59 
Ct\0 2. .. 9 1 3 . 1 t+ 2 . 9 2 3 . 1 0 3 . 2 4 
NAr? O 3 . 61 3 .. 7 9 3. 49 3 . 55 3 . ::::>6 
K20 3 . f._ ) t • 3 .. 70 3 . 65 3 . 38 3.4 0 
TI02 0 .. 4 13 0 .. 5 ~- 0 0 /~ t~ 0. 55 0. 52 
MNO 0 -~ 08 0 . 0 -, 0 . 0 7 
'"' 
o . o s o. o 
p :~ j s 0 . 2 0 0. 2 0 O • .l d 0 .1 6 0. 1 
LO J o . so 0 . 8 4 1. 0 5 1. 09 1 • 0 9 
TOT/\L 9 8 .. 6(> 0 8 . 58 Q9 .. 5 7 98 ... 7 2 99 o l'~ 2 
pp,\1 
u 2 . 3 .3 e 1 3 . 0 4 .. 0 • 2 
U2 o .. o.n o~o o . o o . o 
L I 5 <'1- . 0 6 - . 0 3 4 . 0 4 3 . 0 42 . 0 
t3E I+ • 0 s . o t~ .. 0 
-4 .0 4. 0 
ZP 1 Y 7 . 0 1 ·.;/ 7 . J 1 7 7.0 2 0 0.0 2 1 5 . 0 
Sh· 2 t~ 0 ·• 0 2L~ 2 • 0 . 2 22 . 0 235 . 0 240.0 
R E3 1 34 .. 0 1 30 .. 0 1.38 . 0 17 9 . 0. 1 32 . 0 
ZN 58 . 0 t) 0 . d 5 t~ . 0 64 . 0 6 2 . 0 
cu 3 1. 0 2 2 . 0 2 3 . 0 3 3 . 0 3 3. 0 
f-JA 55 3 . 0 6 1 3 &0 5-t s . o 5 44 . 0 5 3 5 .0 
TH o .o o . o o . o o. o o. o 
fviO 2 . 0 4 . 0 2 . 0 4. 0 1 • 0 
NB 1 .""3 . 0 1 2 . 0 9.0 1 0 . 0 1 2 . 0 
..jA l 0 . 0 2 3 . 0 2 2 . 0 24 . 0 21. 0 
8 21+ . 0 1 9 . 0 ?0 . 0 1 5 . 0 22 .0 
NI s . 1 () .. 0 1 0 .0 15 . 0 8 . 0 
LA o . o 0 . 0 o . o o . o o . o 
c~ 1 4 . 0 20 . 0 1 --~ . 0 1 5 . 0 1 3 .0 
v 5H . O 55 . 0 :-1q . 6 7 .0 63 .0 
y o . o o . o o . o o . o o . o 
F 606 . 0 606 . 0 50=> .. 0 5 9 4 . 0 o 7 0 . 0 
CE o . o r) • n () . \ o . o o . o 
240 
NOC(Tt--J BA Y GRAN I TE 
SAMPLE 17 03 8 7 1 703 88 17 038 9 170393 1 7 03 94 
PER CENT 
510 2 69~00 69 .. 50 63 . 90 6 7.7 0 69 . 30 
AL203 1 5 • I+ 0 1 5 . 00 15.10 14. 90 1 5 . 40 
FE203 0 .1 4 0 .1 9 0 . 2 0 0. 59 0 . 60 
FF O 2 . 2 1 2 . 09 2 . 1 5 2 . 84- 2.07 
MGO 1. 06 1. 02 1. 03 1 • 46 1 . 2 2 
CAO 2 . 5() 2.27 2 . 2 9 3 . 1 3 2.68 
NA 2 0 3 .. 6::; 3.4-9 3.54 3 . 6 7 3.56 
K20 -4 . 0 0 3 . 98 3 . 94- 2 . 69 4 .o 9 
TI02 0.35 0 . 3 4 0. 3 
I"' 
0.51 0.4 1 
f-4 NO 0 . 06 o . o7 0 . 06 0 .. 07 0.06 
P20 5 0 .. 1 2 0.17 0. 1 6 0 . 24 0. 22 
LOI 0 . 71 ... 0 . 90 0 . 86 0.7 8 1 • 2-3 
T OTAL 9 9 .. 2 1 99 . t)? . 98 . 59 98 . 58 1 0 . 3·;:.:# 
op,'v1 
u 2 ~ 0 2 . 4 2.5 .3 . 3 2 . 1 
U2 o . o o . o o . o o . o c . o 
L r 9/J. . 0 99 . 0 97 .0 6 • 0 4 4.0 
BE 5 . 0 4 . 0 6 .0 4.0 3.0 
ZR 15 5 . 0 1 L~ 5 .0 1 ~~ 7. 0 17 0 . 0 1 58 . 0 
SR 17 4 . 0 1 64 . 0 1 6 (.) . t ) 20 1. 0 2 7.0 
R8 1 r>l .. o 1 7 5 . 0 1 7 !~.0 1 23 . 0 12 • 0 
ZN 4'3.0 50 .0 (~ .g • 0 67.0 56 . 0 
cu 35 • . 0 25.0 22 . 0 2 7. 0 3~.0 
BA 4 1. 6 . 0 4-4-0.0 Ll-4 l • 0 325 . 0 5 LJ. .• 0 
TH o.o o.o o . o o . o o.o 
10 4 .. 0 4.0 4 .. 0 4.0 b .O 
N8 1 2 . 0 l 3 e0 1 5 . 0 1 2 .0 10.0 
GA 20 . 0 2~: . 0 22.0 22.0 24.0 
P8 1 9 . 0 2 7.0 2 1 .. 0 23 . 0 2b.O 
NI 10. 0 7.0 s . o 9.0 1 3.0 
LA o . o o . o o.o o.o o . o 
CR 1 -r. o 20.0 1 3 .. 0 1 8 .0 1 8 . 0 
v 32 . 0 3<) . 0 3!+ . 0 54 .. 0 44.0 
y o.o o.o o .u o.o o. 0 
F 6 0 6 . 0 61<1.0 5.13 l. 670.0 40 3 .0 
CF o .. u o.o o.o o .o o.o 
241 
Hardy 's Cove Complex 
SAMPLE l 70 5/i-5 1 7055 3 17 05 55 1 7 055 7 17 055J 
PEf.CC: NT 
S IO _ 8 1 .. 20 79. 60 ?t~. 0 0 73.0 0 77. - o 
AL203 1 0 .. 85 1 2.00 1 3.25 1 L~ .. 1 0 1 1 • r 5 
FE203 0.03 0.43 0.32 0 .7 0 0. 38 
FED 0 . 2 7 0.25 1. 0 6 1.34 0.89 
~,GO 0.0 8 0 ... 08 0 . 2 8 0.51 0.21 
CAD 0 . 1 3 0 .. 1 l 1 • • 39 1.4 8 0.49 
NA20 3. 69 2. ... 7 5 4 . 83 4.7 8 3 . 55 
K20 3 . 56 4.72 2 . 34 2.8.1 3o49 
T£02 0 . 02 0 .. 08 0 .. 1 2 0. 24 0 . 1 3 
MNO 0 .. 0 1 0 .01 o . os ; .. 0.07 O.J2 
P205 () . ) 5 o . o1 0 . 02 0.0 2 0. 0 1 
LOI 0 .. 92 1 • 28 2 . 5S· 2.0 3 l . 62 
TOTAL 1 00o8 l 1 01. -.:)2. 10 0 .71 101. 08 100. 4 
PP 'V\ 
u o . o o.o o.o o.o o.o 
U2 o.o o .. u o . o o . o o . o 
LI 1 9 .. 0 7.0 0 . 0 o . o o .o 
RF 3 . 0 2 . 0 o . o o.o o .o 
ZR ' } 3 . 0 1 05 . 0 1 2 7 . 0 1 58 . 0 234 . 0 
S F.e 28 . 0 2 t..•. 0 '33 . 0 l 1 0 . 0 4 l-3 . 0 
r~s 1 43.0 1 90 .. 0 5 7 . 0 7 3 .0 3 . 0 
Z.N l - • 0 1 • 0 1 7 . 0 1 9 . 0 . o 
cu 3 . 0 1 ... 0 1 0 . 0 1. 0 1 3 .0 
BA 339 . 0 293 . 0 47 5 . 0 5'3 8 . 0 453.0 
TH 1 9 . 0 2a . o 1 1 • 0 1 1 • 0 i 3 . 0 
j;J 0 2 . 0 2 . 0 o . o o.o o .. o 
N8 30 . 0 29 . 1 5 . 0 1 6.0 23.0 
GA 1 6 . 0 1 3 . 0 l 7. 0 1 0 . 0 1 5 . 0 
P FJ 1 8 . 0 9 . 0 5 .0 7.0 9 . 0 
NI 4L~ • 0 2 4 . 0 1 6 . 0 1 1. 0 30 .0 
LA 3 . 0 :-\ 5 . 0 20.0 24.0 31. 0 
CR 1 • 0 1 • 0 1 • 0 1. 0 l. 0 
v 2 . 0 1 • 0 1 1 • 0 1 3 . 0 1. 0 
y 1 13 . 0 43 . 0 I+ 1 • 0 38.0 83 . 0 
F o . o 0. 0 0. ( o.o o.o 
CF 1 03 . 0 126.0 13 5o0 151.0 1 '=>8 .0 
SAMP L E 
PE q CENT 
S I0 2 




































Hardy's Cove Complex 
170 559 
77.80 
1 2 . 65 
0 . 27 
0 • tH-3 
•J. 2 0 
0.71 
3 . 6 7 
0. l 1 
0.04 
0 ~ 1 4 
1 .. 0 3 
l 0 1.7 o 
~ e 0 
0 . 0 
• 0 
o . o 
-
. o -. c 
Sc . o 
8 1., . 0 
8 . 0 
1 .• 0 
-, 9 t.} 8 0 
l 5 . 
o. o 
l c:- 3 0 
, 
• 0 ... 
1 \J . O 
1 - . ) 
35 . 
. 
0 0 l 
1 • J 
4 7 . 0 
o . o 



















17039 5 29.7 
















































9.6 0. 1 
i"' 
9. 1 0.2 0.2 
8.2 0.3 
6.4 0.3 
8.4 1 . 2 
8.1 0.2 
7.3 1 . 5 
9.3 
7.3 0.2 
11 . 3 0.1 0.3 
6.7 0.2 
9.2 2.3 0.4 







1701 77 27.3 





1702 51 30.4 
170259 25.1 














31 . 2 






31 . 5 






















3.4 11 . 7 
3.7 7.8 




13. 1 2.4 
3.2 10.7 
1 . 2 10.3 
umber Quartz 
~
170133 22. 6 
170134 32. 3 
170135 22. 4 
170136 32. 4 
170138 28.2 
170219 23. 4 
170220 23 .2 
170221 27 .9 
170223 25.6 
170225 27.2 




170235 26 .2 





































Biotite Muscovite Opaques 
3.9 2.0 1 . 1 
6.5 1 . 0 
6.1 2.5 
8.4 1 . 2 
8 .1 .  1 . 9 
4.7 2.2 
9.8 0 .2 
11 .4 2_._3-
10.7 1 . 8 
6 .8 1 . 5 0.3 
3.7 
8.3 1 . 3 0 . 2 
7.3 3.5 
7.1 2.2 
7.3 2 .4 




Number Quartz K-feldspar Plagioclase Biotite Muscovite O~agues 
:.:.---
170001 31.4 27.7 27.1 2. 1 ll . 7 
170017 32.5 21.2 34.9 0.7 l 0. 7 
170024 23.7 26.2 37.6 2. 1 10.4 
170025 27.8 30.3 31 . 8 2.5 7.6 
170027 23.2 26.9 44.1 4.8 j.l' 1 . 0 
170028 37.3 33.7 18.5 9.9 
170032 31.0 28.0 34.1 0.8 6.1 
170041 30.7 23.5 33.6 2.0 10.2 
170042 30.2 25.4 30.1 1 . 5 12.8 
170043 37.0 13.8 33.7 0.3 15.2 
170045 29.3 18.4 40.6 ll . 7 
170058 33.5 24.3 29.8 0.5 ll .8 
170059 38.2 35.3 16.4 1 . 8 8.3 
170060 26.2 20.2 44.3 0.2 9.0 
170061 33.3 18.3 36.9 ll . 1 
170062 33.3 34.5 20 .5 5. 1 6.o 
170076 31.0 37.6 22.6 8.8 
17011 2 25.1 21.3 40.7 3.2 9.7 
17011 4 30.4 25.2 35.4 2.3 6.7 
17011 5 24.6 28.3 35.0 1 . 2 10.9 
umber Quartz K-feldsear 
::.::----
70116 26.3 25.9 
170181 29.8 35 . 5 
70201 27.9 26 . 4 
170212 25 .1 22.5 
70213 27.4 23.7 
70029 25.7 35.6 
170218 28.4 20.3 
70241 28. 4 24.6 
70243 29. 7 23.4 
70244 28.4 26 .2 
170253 30.1 26.4 
170254 26.2 22.7 
170257 31.4 24.7 






25 0 1 


























Mu scovite Opagues 







1 . 5 
1 . 3 
5.3 
1 . 0 
6.2 
3.4 
umber Quartz K-feldspar 
.:.:--
70152 31 .4 26 .8 
170153 29.1 28.6 
70154 29.3 25. l 
170155 36.4 26.6 
170156 30.4 25.2 
70157 34.4 27.4 
170158 27.5 32.0 
170159 40.3 26.2 
170160 32.1 23.9 
170161 31 . 5 25.9 
170162 28.7 26 . 1 
170163 32.4 26.1 
170164 30.4 25.2 
170166 28.4 24.3 
170186 33.5 5.2 
170187 35.2 17.0 
170188 38.0 34.7 
170189 37.6 21 . 3 
170191 31 .4 18.4 
170192 30.5 10.8 































1 . 6 
1 . 8 
1 . 3 
2.1 
1 . 2 
0.5 
1 . 6 
Muscovite Opagues 







1 2. 1 













Number Quartz K-feldspar 
170203 30.4 26 . 7 
170204 38.1 24.2 
170205 33.6 17. l 
170206 26.3 27.4 
170207 24 .4 30.7 
170208 28. l 34 .6 
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l . 5 
3.7 







Number Quartz K-feldspar 
170359 23 . 7 17.8 
170363 24.9 20.1 
170366 26 . 3 15.7 
170368 25.5 28.4 
170372 25.6 20.4 











Biotite Muscovite Opaques 
7.6 
8 . 3 1 . 3 
9.2 0.4 
8.7 
































54 . 3 













Biotite Muscovite Opaques 
6. l 2.4 
13.4 l . 2 
12.3 1.4 
ll. 2 





12.0 2. l 
14 .4' 2.4 
7. l 0 . 8 
7.3 l .4 
8.2 0.7 
8 .6 l . 7 




Number Quartz K-feldspar 
:.:-:---
Plagioclase Biotite Muscovite Opagues 
170331 21.7 7 . 5 58.7 8.9 2.3 
170332 27.4 8.7 49 . 7 10.4 3 . 2 
170333 28.8 8.9 49.5 9.4 2.7 
170334 25.4 7. 1 55. 1 8.3 4.1 
170335 24.7 10.2 50.8 10 .5 3.0 
170336 29.3 7.2 48.3 11 . 7 3.5 
;Jo 
170337 20.4 7.2 50.9 18.5 3.0 
170338 29.9 9.2 46.7 12.6 1.6 
170339 27.3 11 .1 52.5 3.3 1 . 9 
170340 29.7 15.8 45.9 6.7 1 . 9 
170342 23.7 10.4 52.0 11.1 2 .8 
170343 26.7 12.1 47.8 9.3 3,4 
170344 28.1 8.3 48.4 12.5 2.7 
170346 26.9 16.4 44.3 10.3 2.1 
170347 24.3 10.7 49.8 12. 5 2.7 
170348 26.2 18.3 42.3 1 0. 1 2. 9 0.2 





170452 32.4 18.7 
170453 27 .4 15. 2 
170454 23. 1 15.2 
170455 29.3 24.6 
170456 33.7 12.4 
170457 28 . 1 14.2 
170458 32.9 22.1 
170460 31.4 14.3 
170461 29.7 
170462 29 . 5 22.3 
170465 34.1 26.2 
170468 
170472 34.7 25.3 
170474 37.1 
1704 7 5 30.3 15 . 7 
170476 32.6 27.4 
170477 28.2 15 . 6 
170478 28.3 25 . 7 
1704 79 20 . 4 19.3 





56.7 1 0 . 7 
36.9 11.4 
41 . 6 13.1 
49.0 10.4 
34.0 7.2 




57 .1 13.2 
33.3 9.4 
31 . 6 
30.1 5.2 
27.4 12.6 
45.9 10 .4 
40.8 11 .4 
29 . 7 8.7 
44.1 9.4 
30.5 12.4 







~~ 3.4 1 . 5 
















170483 24.9 26.5 
170484 28.4 24.9 
170489 31.8 23.4 
170492 23.5 
170493 2602 23.7 
170497 2902 14.7 
170498 26 . 3 23.5 
170499 29o8 20. 1 
170500 31 . 5 25.2 
170527 24.2 26.2 
170529 32.7 20.4 
170531 31.6 25.2 
170532 34 .4 30.6 
170536 26 . 5 
170541 33.1 24.8 
170542 28.4 17 0 3 
170525 28.4 22.9 






32.4 12. 1 
33 . 1 9.7 
60.5 10.2 
35.6 12 . 3 
41 . 9 11 .3 
34 01 12 . 4 
35.3 12 0 4 
33.2 8.3 
38.8 4 .3 
35.1 9.7 




44.2 1 0.1 
40.2 8.3 
34.0 3.4 
Muscovi te Opaques 
2 .4 1 . 2 
2.2 
0.4 1 . 6 
4.6 1 . 2 
I" 004 1.6 
2o9 
2o4 1.3 
1 0 6 Oo8 
1 . 8 
6.5 
0.8 1 0 3 






Number Quartz K-feldspar 
:.:..:---
170501 31.7 20.4 
170502 25.3 30.4 
170503 32.6 15.8 
170504 28.4 24.3 
170506 24.7 25.3 
170507 23.9 24.7 
170508 31.5 19.7 
170512 22.6 20.3 
17051 5 26.3 22.5 
170516 33.4 19.4 
170520 24.3 22.7 
170521 29.3 22.4 
170522 27.4 20.1 
170523 24.2 26 . 3 






































lumber Ouartz K-feldspar 
170123 29.8 21 .4 
170124 27.2 32.4 
170195 26.3 26 . 7 
170196 25 . 1 28.3 
170197 36 . 8 15 . 5 
170198 38 . 7 16 7 
170200 35.6 23.6 
170351 26 . 2 19.4 
170352 25.3 20 . 6 
170374 16 . 9 
170375 26 . 7 11 . 2 
170377 26.2 1 2 . 3 
170388 27.4 23.4 
170393 25.4 19.2 





40 . 1 
33.9 
38.5 
42 . 4 
38.6 
35 . 0 












4 . 2 
4 . 2 









9 . 3 
7.2 
l\1uscovi te Opaques 
0 . 2 0 . 1 
1 . 0 0.2 
4.3 
~"' 
1 . 3 
2.7 
1 . 2 
1 . 9 
2.2 
2.1 
Number Quartz K- fe ldspar 
17003 4 39.4 20.1 
170054 49.5 16.0 
170055 29.4 22.0 
170056 34.8 18.2 
170057 43.0 8 .6 
170072 10 .0 30.2 
170073 25. 7 36 .7 
170079 24.3 55 .4 
170080 31 . 6 10.7 
170081 39.8 43.5 
170082 23 . 2 26.3 
17009 2 28.3 24 .9 
1701 00 33.4 21 . 5 
170101 31 .8 16.5 
1701 02 33 .6 15.4 
170108 34.3 20.2 
170117 29.1 33.4 
17011 8 27 . 2 20.2 
170119 23.9 19.4 
1701 20 26 . 2 24.6 








41 . 3 


















































1 . 4 
2.1 Field Methods 
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APPENDIX 2 
RUBIDIUM-STRONTIUM ISOTOPIC METHOD 
Samples of about 10 to 25 kg were collected from points within 
each prospective pluton so as to attain maximum spatial and varietal 
coverage . Instead of large massive samples, several fresh chips of 
about 50-100 g were collected over an area of a few square meters at each 
location . Samples were stored in plastic bags or pl}stic buckets . 
Whole rock chemical analyses are given below. 
2. 2 Laboratory Methods 
Samples ( l to 2 kg} were first crushed in a steel jaw crusher, 
then ground in a tungsten carbide vibrating pulverizer. The powder was 
thoroughly mixed to homogenize the sample . A thin section was made from 
a representative piece for petrographic examination . 
From each sample lOg was selected for determination of Rb and 
Sr by X-ray fluorescence;O . l g was selected for determination of major 
and trace elements . 
A third portion (0 . 5-1 g) for determination of sr87;sr86 ratios 
was weighed into a teflon beaker and dissolved in 10 cm3 hydrofluoric 
acid after any carbonate present was driven off by a few drops of 
2M HCL . To the solution was added l cm3 perchloric acid. The sample 
was then digested on a hot plate at l50°C until a solid residue of 
fluorides and perchlorates remained . The residue was redissolved in 
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2M HCl (10 cm3) and perchloric acid (2 cm3). This was allowed to 
evaporate at 150°C, leaving a solid residue of soluble chlorides and 
perchlorates. 
The residue was again dissolved in 1M HCl (10 cm3) and passed 
through an ion exchange resin. Elution was done with 2M HCl. The 
strontium (20 cm3) fraction was collected after the first 110 cm3 had 
been discarded. 
The solution was evaporated to dryness, first on a hot plate 
at 150°C, then under an infra red lamp. Finally the sample was dissolved 
in a few drops of 2M HCl and carefully applied to an ~electrode. The 
sample was ignited under high voltage and analysed by a Micromass Mass 
87 86 87 Spectrometer for Sr and Sr . Rb was calculated from measured Rb:Sr 
(XRF) using a computer program. With the aid of a computer, the radiometric 
-11 -1 date was calculated, using the decay constant of l .42 x 10 yr . 
1 /\UL L '-•..L• 
CHEMICAL ANALYSES-NORTH BAY (NB-A) 
SAMPLE ( NB- 1 ) 
PERCENT 170117 170072 170080 170198 
Si02 72.7 69.5 70.0 71.3 
Ti02 .24 .42 .35 .44 f 
A1 203 14.0 16.1 15.2 1 5 . 1 
Fe2o3 .07 .18 N.D. .17 
FeO 1.18 2 .12 2.30 1.99 
MnO .04 .04 .05 .03 
MgO .46 .93 .84 .96 
CaO 1.49 1 . 91 1.84 2.14 N CJ) 
0 
Na 2o 3.82 4.09 4.13 4.64 
K20 4.27 4.44 3.85 4.20 
P205 .06 .05 .04 . 12 
L.O.I. .71 .56 .68 .71 
TOTAL 99.04 100.34 99.28 1 01 . 62 
ppm 
Zr 137 241 207 191 
Ar 248 464 
,. 
457 536 
Rb 155 175 136 128 
Zn 47 54 53 52 
Cu 42 41 25 37 
Ba 656 1156 966 1088 
Nb 08 07 08 11 
Ga 19 23 23 25 
Pb 26 10 27 21 
Ni 03 06 06 05 
Cr 01 08 12 10 
v 20 48 41 47 
TABLE L .L. 
CHEMICAL ANALYSES-NORTH BAY (NB-B) 
SM~PLE ( 381 ) (372) (377) (378) (387) (393) 
PERCENT NB 5 NB 6 NB 8 NB 9 NB 10 NB 11 170374 170385 
Si02 56.2 65.2 66.7 
65.2 69.0 67.7 57.0 66.0 
Ti02 .94 .63 .48 .52 
.35 . 51 .80 .55 
Al 203 15.7 15.8 15.5 16.2 15.4 
14.9 14.9 15.7 
Fe 2o3 .84 .54 .74 . 78 . 14 
.59 1.36 .71 
FeO 5.98 3.08 2.53 2.66 2. 21 2.84 4.74 2.82 
MnO . 12 .06 .08 .07 .06 .07 . 12 .08 
MgO 7.79 2 .12 1.45 1.48 1.06 1.46 7.76 1 . 58 
CaO 6.78 3.74 2. 91 3.14 2.50 3.13 7.43 3 .l 0 N 
Na2o 2.73 3.45 3 .61 3.79 3.63 3.67 
2.60 3.55 0'1 ....... 
K20 1. 61 3.43 3.66 3.70 4.00 2.69 
1.86 3.38 
P205 .80 .17 .20 .20 . 12 .24 . 13 .16 
L.O. I. 1.44 .92 .80 .84 .74 . 78 1.20 1.09 
TOTAL 100.23 99.14 98.66 98.58 99.21 98.58 99.90 98.72 
ppm 
Zr 138 184 197 197 155 '170 107 200 
Sr 356 218 240 231 175 198 223 235 
Rb 57 146 133 130 168 109 74 179 
Zn 76 55 58 60 48 67 58 64 
Cu 46 29 31 22 35 27 61 33 
Ba 271 505 553 613 416 325 240 544 
Nb 11 11 13 12 12 12 05 10 
Ga 25 24 19 23 20 22 20 24 
Pb 14 27 24 19 19 23 10 15 
Ni 146 18 .05 10 10 09 102 15 
Cr 259 41 14 20 17 18 254 15 
v 160 72 58 55 32 54 162 67 
TABLE 2.3 . 
CHEMI CAL ANALYSES-THROUGH HILL GRANITE 
SAMPLE 
PERCENT 170501 170504 170506 170511 170516 170518 
Si 02 72.8 73.3 74.2 74.4 75.9 74.9 
Ti02 .ll .02 .05 .02 .04 .05 
A1 203 14.80 14 .15 13.6'1 15 .85 14.80 15.30 
Fe 2o3 -* -* -* -* -* -* 
FeO .70 1.04 .48 .48 .54 .57 
~1n0 .03 .36 .02 .04 .03 .03 
MgO .20 014 0 12 .06 0 12 .19 
CaO .53 . 78 . 58 .47 .70 .77 N 
Na 2o 3.00 3.28 4.28 3.73 4.40 5.71 
(J') 
N 
K20 5.80 4.80 3.84 6.46 3.70 1.99 
P205 .26 .17 .26 .18 .27 .23 
L .0. I. 1.23 .64 .75 .75 .96 .91 
TOTAL 99.46 98.80 98.13 1 01 0 65 101 .40 100 0 65 
ppm 
Zr 07 55 24 11. 14 48 
Sr 69 100 32 53 28 34 
Rb 166 127 158 159 164 69 
Zn 03 00 00 00 01 00 
Cu 00 00 00 00 00 00 
Ba 221 190 11 8 94 ll 18 
Nb 17 06 10 05 19 13 
Ga 17 ll 12 10 16 13 
Pb 44 52 33 55 30 27 
Ni 14 09 ll 10 12 03 
Cr 00 00 00 00 00 00 
v 02 00 00 00 00 00 
TABLE 2.4. 
CHEMI CAL ANAL YS ES-PARTRIDGEBERRY HILLS PLUTON 
SAMPLE (P49) (P20) (P35) ( Pl3) (P39) (P50) 
PERCENT 170444 170471 170485 170526 170539 170543 
Si02 69.1 67.2 68.0 
76.6 65 .8 70.5 
Ti02 .48 .73 . 72 .13 
.93 .69 
A1 203 14.70 14.90 14 .50 13 .40 15.85 
14.80 
Fe2o3 .40 .67 .66 .20 .56 .49 
FeO 2.75 3.33 3.30 .97 3.89 3.13 
MnO .05 .04 .06 .03 .07 .05 
MgO 1.19 1.36 1.42 .26 1.55 1.33 
CaO .71 1.68 1 . 57 .38 1.93 1.18 
Na 2o 2.60 2.37 2.81 3 .13 2.82 2.89 N ()") 
K20 4.73 4.38 4.05 4.85 3.96 3.82 
w 
P205 .08 . 20 .23 .20 .13 . 14 
L.O.I. 2. 01 2.73 1.67 1.26 2. 21 2.44 
TOTAL 98.80 99.59 98.99 101.47 99.70 1 01 . 46 
ppm 
Zr 189 231 218 54 
' 
274 225 
Sr 77 136 138 18 113 112 
Rb 192 174 159 266 148 114 
Zn 29 49 48 14 54 51 
Cu 17 09 09 00 22 14 
Ba 485 808 589 112 933 780 
Nb 19 21 23 12 19 18 
Ga 19 18 16 15 23 19 
Pb 23 21 25 32 27 23 
Ni 31 38 31 24 40 28 
Cr 08 16 07 00 22 17 
v 56 74 62 06 93 74 
TABLE 2. 5. 
CHEMICAL ANALYSES-GAULTOIS GRANITE 
SAMPLE ( 149) ( 561) (562) (563) (170003) (564) ( 148) (565) (566) (170023) 
PERCENT G l G 2 G 4 G 5 G 6 G 7 G 8 G 9 G l 0 G ll 
Si02 73 .l 59.2 62.7 61.7 
62.8 65.2 63 .l 64.0 63 . l 45.5 
Ti02 .18 .95 .94 1.00 .97 . 78 
.92 .80 .84 l . 96 
Al 2o3 14.4 18.15 16.45 16.35 17.8 
15.55 15 .8 16.70 16.45 17.2 
Fe2o3 .20 1.38 1.52 1.38 .39 1.01 
1.34 1.08 1.29 3.16 
FeO 1.04 3.96 3.59 3. 91 3.67 3.36 3.61 3.25 3.58 9.17 
MnO .06 .1 0 . 1 0 .11 .11 .08 .08 .09 .11 . 21 
MgO .41 2.70 2.47 2.65 2.84 2.05 2.78 2.11 2.48 8.47 
CaO 1.05 4. 23 3. 91 3.94 3.38 3.24 3.60 3.88 3.35 8.95 N 
Na 2o 3.66 3.50 3.08 3.00 2.67 3.14 3.04 3.25 
3.10 l . 39 m ~ 
K20 4.65 4.20 4.15 4.14 4.83 3.63 4.37 3.93 
4.68 2.31 
P205 .09 .18 .18 .20 .13 .13 .27 . 17 . 19 .47 
L.O.I. 1.12 1.37 1.34 1.40 1.36 1.57 1.30 1.01 1 .40 1.58 
TOTAL 99.96 99.92 l 00.43 99.78 100.95 99.74 1 00. 21 l 00.27 100.57 100.37 
ppm 
Zr 289 246 243 253 243 231 247 220 238 125 
Sr 381 378 341 351 368 312 t 364 320 346 399 
Rb 169 237 184 192 229 179 199 192 234 153 
Zn 79 58 52 54 67 44 69 40 53 126 
Cu 44 14 ll 11 39 18 37 06 12* 56 
Ba l 056 925 1011 854 1382 843 985 1024 1086 1015 
Nb 11 11 16 17 14 14 14 ll 12 08 
Ga 21 21 16 17 21 17 23 15 16 25 
Pb 18 20 20 21 24 19 14 20 19 01 
Ni 33 51 44 51 29 38 31 39 51 52 
Cr 71 37 36 41 50 31 55 35 41 138 




A Jeol JXA 50A electron microprobe was used to analyse garnet and 
muscovite on polished thin sections. Samples of Kaka nu i garnet and hornblende 
were used as standards to mon itor precision.Results from the Through Hill 





Garnet - sample 170504;avera9e of 4. 
Mg .A l Si Ca Ti Mn Fe 
1. 97 21.7 37.6 .33 .00 7 .'65 30.9 
.236 2.06 3.02 .028 .00 .520 2.08 
Pyrope Mg 3Al 2 (Si04) 3 73.4% 
Almandine Fe 3Al 2 (Si04.)3 - 8.4% 
Spes sa r t i n e M n 3 A l 2 ( S i 0 4) 3- 18.2% 
Garnet - sample 170512;average of 4. 







.02 7.19 30.8 
.00 .485 2.059 








Garnet - sample 170518, average of 3. 
Mg 
Ox ides % l .72 
Ca tions . 205 
Al Si 
21 . 7 37.9 







Spessartine (Mn) component= 17 . 1% 
Garnet - sample 170520; average of 4 . 
Mg 
Oxide % 1.72 
Cations . 206 
Al 
21 . 7 










Spessartine (Mn) component = 18 . 9%. 
Average Spessartine component 17.9%. 




















Mu~covite- sample 170515,single analysis. 
Si02 52.14 
Al 2o3 36 . 98 
*FeO 1. 39 
MgO 0 . 52 
Ti02 0 . 17 
f4a 2o 0.35 
K2o 8 . 44 
Total 99 . 99 
*Al l Fe measured as FeO . 










3 . 201 4 
o.8oj 
1. 87 
0 . 05 
0 . 01 
6 . 000 
0 . 041 
0 . 659 
Explanations 
T e t re he d r a 1 ( S i + A 1 ) = 4 
as in ideal muscovite formula 
Assigned to celadonite .Assumed to be 
shared equally between bivalent and 
higher valency states. 
Assigned to paragonite 
Muscovite composition based on the above calculations:-
K Al2(AlSi3 ) 01o(OH)2 - Muscovi t e - 89 . 6 mol% 
K(~g , Fe) (Al,Fe 3+) Si 4o10 (OH) 2- Ce l adonite- 6.3 mol% 
NaA1 2 (A1Si 3) o10 (OH) 2 - Paragon i te - 4 . 1 mol % 
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~1 us co vi te - sample 170520 , average of 2 analyses. 
Si02 49 . 52 
Al 2o3 38.75 
*FeO 1. 28 
~1g0 0 . 58 
Ti02 0 . 04 
Na2o 0 . 45 
K20 9 . 38 
To t al 100 . 00 
*All Fe me asured as FeO. 
Cations pe r 6 (octahedral and tet r ahed r al) sites 















0 . 00 
6 . 00 






89 . 1 
5.5 
5 .4 . 
; .. 
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f\1us co vi te - sample 170512,average of 6 
Si02 49 .73 
Al 2o3 39 . 01 
*Fe 0 0.98 
MgO 0 . 49 
Ti02 0 .29 
Na2o 0 .52 
K2o 8.89 
Total 99 . 91 
All Fe measured as Feo . 
Cations ~er 6 (octahedra 1 and tetrahedral)sites ~!!' 
Siiv 3 . 07 
Aliv 0 . 93 
Al 1.90 
Fe . 05 
Mg .04 
Ti . 01 
Total 6 . 00 
Na . 061 
K . 698 
mo l % 
Composition:- ~1uscov i te 88 . 9 
Celadonite 5.0 
Paragon ite 6 .1 
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Muscovite sample 170504,average of 2. 
Si02 49 . 53 
Al 2o3 38 . 24 
*FeO 1. 34 
MgO . 64 
Ti02 . 26 
Na2o . 48 
K20 9.50 
Total 99 . 99 
All Fe measured as FeO . 
Cations per 6 (octahedral and tetrahedral) 
Si;v 






















88 . 0 
6 . 5 




M u~ co vite - sample 170518,average of 3. 
Si02 49 . 42 
Al 2o3 38 . 80 
*FeO 1. 10 
MgO . 57 
Ti02 . 25 
Na2o . 58 
K20 9 . 27 
Total 99 . 99 
All Fe measured as FeO . 
~~ 
Cations per 6 (octahedr al and tetrahedral) sites 
Si i v 3 . 06 
Aliv 0.94 
Al 1. 89 
Fe . 05 
Mg . 05 
Ti .01 
Total 6 . 00 
Na . 068 
K . 728 
mol % 
Composition Muscovite 87 . 
Ce l adonite 5 . 5 
Paragonite 6.8 
.. '"' 
J 
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